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Th e  i n v e s t i g a t i o n s  h e r e  d e s c r i b e d  w ere  c a r r i e d  o u t  
i n  c o n n e c t io n  w i t h  a f f o r e s t a t i o n  e x p e r im e n ts  a t  Wareham  
F o r e s t ,  D o r s e t .
T h e  t h e s i s  c o n s i s t s  o f  t h r e e  p a p e r s .  Some o f  t h e  
e x p e r i m e n t s  and o b s e r v a t i o n s  r e c o r d e d  i n  t h e  f i r s t  and  
s e c o n d  p a p e r  h a v e  a l r e a d y  b een  p u b l i s h e d  i n  a j o i n t  p a p e r  
w i t h  D r .  M . C. R a y n e r ,  e n t i t l e d :  "THE MYCORRHIZAL H A B IT
I N  RELATION TO FORESTRY. I  Vo S t u d i e s  on m y c o r r h i z a l  
r e s p o n s e  in'P_:Uvus and o t h e r  c o n i f e r s " #  F o r e s t r y ,  v o l . x v ,  
1 9 4 1 .
The f i r s t  p a p e r  o f  t h e  t h e s i s  d e a l s  w i t h  t h e  m y c e l i a l  
and  p h y s i o l o g i c a l  c h a r a c t e r s  o f  B o l e t u s  L i n n ,  i n
p u r e  c u l t u r e ,  and w i th  i t s  g r o w th  r e a c t i o n s  on such o r g a n i c  
co m p o s ts  as a r e  o f  i n t e r e s t  i n  f o r e s t r y  p r a c t i c e .  I n  
c o n n e c t io n  w i t h  t h i s ,  two t y p e s  o f  m y c o r r h i z a l  a s s o c i a t i o n s  
fo r m e d  b y  B o l e t u s  b o v in u s  w i t h  P i n u s  spp. a t  t h e  
e x p e r i m e n t a l  a r e a ,  a r e  d e s c r i b e d .
Th e  s e c o n d  p a p e r  i s  c o n c e r n e d  w i t h  t h e  c u l t u r a l  
b e h a v i o u r  o f  s e v e r a l  fo r m s  and s t r a i n s  o f  M y c e l iu m  r a d i c i s  
M e l i n ,  a n d  w i t h  t h e  d e s c r i p t i o n  o f  v a r i o u s  t y p e s  
and d e g r e e s  o f  p s e u d o m y c o r r h iz a  f o r m a t i o n  b y  t h i s  m y c e l iu m .  
D i s c u s s i n g  t h e  p a t h o g e n i c i t y ,  a t t e n t i o n  i s  drawn t o  t h e  
f a c t  t h a t  i t  i s  t h e  p r o p o r t io n ^  o f  p s e u d o m y c o r r h iz a s  an d  
m y c o r r h i z a s  fo r m e d  b y  any i n d i v i d u a l  t r e e  w h ic h  i s  o f  
s i g n i f i c a n c e  i n  r e s p e c t  t o  i t s  g e n e r a l  h e a l t h .
The t h i r d  p a p e r  o f  t h e  t h e s i s  d e a l s  w i t h  e x p e r im e n t s  
and o b s e r v a t i o n s  c o n n e c te d  w i t h  a n a l y s i s  o f  t h e  f a c t o r s  
r e s p o n s i b l e  f o r  t h e  s u p p r e s s io n  o f  g ro w th  i n  t h e  e x p e r i m e n t a l  
a r e a .  The a n o m a lo u s  f e a t u r e s  i n  t h e  humus c o n s t i t u e n t  
o f  t h e  e x p e r i m e n t a l  s o i l  w e re  s t u d i e d  by  t h e  e f f e c t  o f  
a d d i t i o n  o f  c e l l u l o s i c  m a t e r i a l s  t o  t h i s  s o i l .  The r e s u l t s  
o b t a i n e d  s u p p o r t  t h e  h y p o t h e s i s  t h a t  changes  i n  t h e  
b i o l o g i c a l  a c t i v i t i e s  o f  t h e  s o i l  th r o u g h  a d d i t i o n  o f  
c e r t a i n  o r g a n i c  p r o d u c t s  h a v e  a d i r e c t  e f f e c t  on t r e e  
g r o w th .
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INTRODUCTORY
The i n v e s t ig a t i o n s  h e re  d e s c r ib e d  form a s i d e - l i n e  
to  i n v e s t i g a t i o n s  and f o r e s t r y  exp erim en ts  a t  Wareham 
F o r e s t ,  D o rs e t ,  c a r r i e d  o u t  d u r in g  a number o f  y e a rs  by  
D r. M. C. R ayner, and a lre a d y  p la c e d  on re c o rd  in  a number 
o f  p u b l i c a t i o n s  (s e e  L i t e r a t u r e  r e fe re n c e s  P a r t  I :  1 3 ,  1 4 ,  
1 6 ,  1 6 , 1 7 ) .
The a re a  b e lo n g s  to  th e  F o r e s t r y  Commission o f  G re a t  
B r i t a i n .  I t  c o n s is ts  o f  p o o r  Ca]Jju^a Heath o f  v a r y in g  
e le v a t io n  d e r iv e d  from Bag sho t Beds; th e  s o i l  i s  h i g h l y  
le a c h e d  and v e ry  p o o r  in  in o r g a n ic  p l a n t  n u t r i e n t s ;  th e  
pH v a lu e s  v a ry  from 4*7 to  4 *9 ,
On th e  u n t r e a t e d  s o i l  i n  most p a r t s  o f  th e  a re a ,  
s e e d l in g s  and t r a n s p la n t s  o f  p in e  and o th e r  c o n i fe r s  
s u f f e r  from  h ig h  m o r t a l i t y  and i n h i b i t i o n  o f  g row th  o f t e n  
e x h i b i t i n g  symptoms o f  c h ro n ic  s t a r v a t io n .  Root g ro w th  
i s  d e f e c t i v e  and fo rm a t io n  o f  m y c o rrh iz a s  suppressed o r  
g r e a t l y  i n h i b i t e d .  These d e le t e r io u s  e f f e c t s  on g ro w th  
may be o b s e rv e d  a ls o  in  p o t - c u l t u r e s  o f  t ra n s p o r te d  s o i l .
The use o f  o rg a n ic  composts has p ro v id e d  com ple te  
a m e l io r a t io n  o f  th e  d e le t e r io u s  e f f e c t s  on t r e e  grow th  
(s e e  L i t e r a t u r e  r e fe re n c e s  P a r t  I :  1 5 ,  1 6 ) ,  and e x p e r im e n ta l  
a n a ly s is  o f  th e s e  t r e a tm e n ts  a f fo r d s  support f o r  th e  
h y p o th e s is  t h a t  such a m e l io r a t io n  has been b ro u g h t about  
m a in ly  by m o d i f ic a t io n  o f  th e  n a tu r e  o f  th e  humus decompo­
s i t i o n  th ro u g h  changes in  th e  course and d i r e c t i o n  o f  
b i o l o g i c a l  a c t i v i t i e s .
The prob lem  o f  t r e e  grow th  h e re  ( a t  Wareham F o r e s t )  
and in  s i m i l a r  ty p e s  o f  s o i l  e ls e w h e re  i s  in d e e d  a complex  
one i n v i t i n g  a t ta c k  a long s e v e ra l  l i n e s  o f  i n v e s t i g a t i o n ;  
among th e s e  a re  th e  m y c o lo g ic a l  o b s e rv a t io n s  and e x p e r im e n ts  
now p r e s e n te d .  These i n c l u d e : -
I .  Study o f  th e  fungus s p e c ie s  re s p o n s ib le  f o r
m y c o r r h iz a - fo r m a t io n  in  c e r t a in  c o n i fe r s  a t  
Wareham F o re s t .
I T .  Study o f  c e r t a in  s o i l  fu n g i  fo rm ing  p se u d o m y c o rrh iza s  
w ith  th e s e  c o n i f e r s .
I I I .  Study o f  th e  grow th  r e a c t io n s  induced  by a d d i t io n  
o f  c e l l u l o s i c  m a t e r i a l s  to  Wareham F o re s t  s o i l  
and to  o th e r s  o f  s i m i l a r  ty p e .
9I ;
I .  A STUDY OF BOLETUS BOVINUS LINN.
.
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1 . INTRODUCTION
In d e p e n d e n t In v e s t i g a t i o n s  ( I I ,  12 , 1 3 , 14 , 15 , 1 6 ,
1 7 )  have p ro v e d  t h a t  th e  s o i l  o f  th e  e x p e r im e n ta l a re a  a t  
Wareham F o r e s t ,  D o rs e t ,  c o n ta in s  ’ t o x ic *  f a c t o r s  o f  
b i o l o g i c a l  o r i g i n  which o p e r a te  as growth i n h i b i t o r s  and 
l e a d  to  a c o n d i t io n  o f  ’ b i o l o g i c a l  i n e r t i a ’ in  th e  s o i l .
G r e a t ly  reduced  fu n g a l a c t i v i t y  i s  one o f  th e  o u t ­
s ta n d in g  p a r t i c u l a r i t i e s  o f  t h i s  s o i l  as compared w i th  
n o n - t o x ic  s o i l s  o f  s i m i l a r  ty p e .  There  a re  p r e s e n t  o n ly
t
a fe w  fungus s p e c ie s  concerned i n  th e  m y c o rrh iz a l  a s s o c ia t io n  
o f  p in e s  and t h e r e  i s  a n o ta b le  absence o f  s o i l  fu n g i  
d e le t e r io u s  to  r o o t  g row th . I n  g e n e ra l ,  fungus m ycelium  
i s  r e l a t i v e l y  s c a rc e  and th e  ’p e r i t r o p h i c ’ f l o r a  o f t e n  
conspicuous about c ô n i f e r  ro o ts  in  s im i l a r  s o i l s  i s  la c k in g  
h e re  (1 2 ,  1 7 ) .  Few s p e c ie s  o f  th e  h ig h e r  fu n g i  have been  
re c o rd e d  from  th e  e x p e r im e n ta l  area ( 1 7 ) .  Sporophores o f  
Bp y e t  u s Jio y l  lULs appear r e g u l a r l y  in  th e  v i c i n i t y  o f  young  
p in e s  m aking h e a l th y  grow th and now occu r a ls o  on e x p e r im e n ta l  
seed p l o t s  and p a tc h e s  o f  Scots  add C ors ican  p in e  as a 
r e s u l t  o f  compost t r e a tm e n t  ( 1 7 ) .
Cl y t o cyb e Cl  a c c a r  l a  ) 1 acc& ta , and L&ota%dus _ru_j^s a re  a ls o  
p r e s e n t .  The sporophores o f  th e  s p ec ies  m entioned  have
in c r e a s e d  in  number d u r in g  th e  y e a rs  o f  a f f o r e s t a t i o n .  
Im m e d ia te ly  o u t s id e  th e  e x p e r im e n ta l  a rea , sporophores o f
jD^adiu^s, l^«__e^thqjy^s, and Rhizopogon. I j i i te o lu s  appear  
r e g u l a r l y .
Among my c e l i  a d i r e c t l y  a s s o c ia te d  w ith  th e  r o o ts  o f  
p in e  and o t h e r  p l a n t s  a re  fo u n d  M ycelium  r a d i c i s  a t r o v i r e n s  
which i s  r e l a t i v e l y  s c a rc e  and th o s e  forms o f  th e  v e s i c u l a r -  
a rb u s c u la r  group o f  s o i l  fu n g i  a s s o c ia te d  w ith  Mol i n i  a 
c a e r u le a  and A g ro s t is  s e ta c e a .  M ic ro s c o p ic  e x a m in a tio n  
has a ls o  r e v e a le d  th e  p re s e n c e  o f  Thamni d i u m s p p . , 9 ^ cor  
racem osus, M. h ie m a l is ,  and a fe w  s p ec ies  o f  Pén i c i l l i u m  
and T r ich o d erm a  some o f  which a re  d o u b tfu l  members o f  th e  
t r u e  s o i l  f l o r a .
I n  beds in o c u la t e d  w ith  humus from e s ta b l is h e d  s ta n d s  
o f  p in e ,  l ^ c e l j j m _ r a ^ c i ^ s H a t c h  has been  
in t r o d u c e d  and has appeared as an a c t iv e  m y c o r r h iz a - fo r m e r .
From o b s e rv a t io n s  made d u r in g  s e v e ra l  y e a r s ,  i t  seems 
t h a t  B o l J ^ y l n u s  i s  th e  o n ly  fungus c o n s ta n t ly  a s s o c ia te d  
w ith  th e  s p e c ie s  o f  p in e  grown in  th e  e x p e r im e n ta l a re a .
I n  v ie w  o f  th e  im p o rta n c e  a t ta c h e d  to  th e  m y c o r r h iz a l  h a b i t  
and i t s  s i g n i f i c a n c e  in  th e  p a r t i c u l a r  s o i l  in  q u e s t io n ,  
th e  p r e s e n t  i n v e s t i g a t i o n  was u n d e rta k e n  to  i s o l a t e
and to  s tu d y  i t s  b e h a v io u r  in  p u re  c u l t u r e  
and as a m y c o r r h iz a l  a s s o c ia te  o f  c e r t a in  s p e c ie s  o f  p in e  
a t  Wareham F o r e s t .
2. HISTORICAL
As e a r ly  as 1892 , Frank  (3 )  suspected B o ^ e ^ s jD c ^ v l^  
o f  fo rm in g  m y c o rrh iz a s  b u t  he d id  n o t  name th e  t r e e  a s s o c ia te  
concerned. M asui (8 )  r e p o r t s  p u re  c u l t u r e  e x p e r im e n ts  
w ith  s e e d l in g s  o f  ^o_^densifl jc^ ra  grow ing in  l a r g e  t e s t - t u b e s  
on n u t r i e n t  a g a r  u s in g  th e  m ycelium  o f  B. bo v in u s  as 
in o c u lu m . I n  h i s  c u l t u r e s ,  th e  s e e d lin g s  a re  overgrow n  
and k i l l e d  by th e  fungus. I t  seems very  l i k e l y  t h a t  th e  
b e h a v io u r  o f  B^ b o y in us as r e p o r te d  by Masui i s  a t t r i b u t a b l e  
to  th e  method and th e  e x p e r im e n ta l  c o n d it io n s  th u s  c r e a te d .
I n  a fe w  p u re  c u l t u r e  e x p e r im e n ts  s e t  up by th e  w r i t e r  
w ith  P . s i l v e s t r i s ,  th e  m ycelium  o f  B. bovinus used f o r  
i n o c u la t io n  r a p i d l y  covered  th e  s u b s t r a te  w i th in  th e  
e x p e r im e n ta l  f l a s k s  bu t i t  d id  n o t  overgrow  o r  k i l l  t h e  
s e e d l in g s .  M e l in  (9 )  d e s c r ib in g  v a r io u s  my c e l l a  e x t r a c t e d  
from  p in e  m y c o rrh iz a s  p o in t s  o u t  t h a t  th e  form  c a l l e d  by  
him My c e l iu m  r a d l c i s sl l v e s t r i s  a i s  p ro b a b ly  i d e n t i c a l  
w ith  B^Jloyijnu^s^. The fungus has been rec o rd e d  by H a tch  (4 )
to  form  m y c o r r h iz a l  a s s o c ia t io n  w ith  P . s tro b u s . I n  o r d e r  
to  p ro v e  t h a t  B. b o v in u s  i s  in v o lv e d  in  th e  m y o o r rh iz a -  
fo rm a t io n  o f  W h ite  p in e ,  H atch  employed th e  p u re  c u l t u r e  
method and succeeded in  e s t a b l is h in g  an a r t i f i c i a l  a s s o c ia ­
t io n  between th e  s e e d lin g s  and th e  fungus. The m ycelium  
, de s ig n e d  f o r  in o c u la t io n  p u rp oses  was o b ta in e d  from c u l t u r e s  
i s o l a t e d  from sporophores o f  th e  s p e c ie s , a lso  i s o l a t e d  
from  a my c o r r h iz a  o f  P . s t ro b u s .
3. ISOLATION AND IDEN TITY TESTS
a. I_spl_ati_on _from spoTOPhore^s.
I s o l a t i o n s  o f  B. _bovinus were made from sporophores  
c o l l e c t e d  a t  th e  e x p e r im e n ta l  a re a  a t  Wareham F o r e s t ,
O c to b e r  1 9 3 4 , 1 9 3 8 , 1 940 , and 1942; a lso from young f r u i t -  
b o d ie s  from  a p u re  s tan d  o f  Scots  p in e  in  S u rre y ,  Septem ber  
^935 and 1 9 4 0 . The s t r a i n s  o b ta in e d  from Wareham F o r e s t  
and from  S u rre y  a re  i d e n t i c a l  in  e v e ry  re s p e c t .
F o r  th e  pu rp ose  o f  i s o l a t i o n ,  th e  t is s u e  c u l t u r e  method  
was a p p l ie d .  Fragm ents o f  c le a n  t is s u e s  from  th e  i n n e r  
p a r t  o f  a f r e s h  young sporophore  were t r a n s f e r r e d  w i th  
a s e p t ic  p r e c a u t io n  on n u t r i e n t  a g a r . I s o l a t i o n s  from  
fra g m e n ts  ta k e n  from  p i l e u s  and s t ip e  gave s i m i l a r  r e s u l t s .
D uring  th e  course o f  t h i s  in v e s t ig a t io n  th e  c u l tu r e s  from  
sporophores were used as a ’ s ta n d a rd * .
b • l_at ion  „ f  rom jn y o o r rh lz a s .
The fo l lo w in g  is o la t io n s  o f  a mycelium b e l ie v e d  to  
be t h a t  o f  B o le tu s  bovinus were made from m yco rrh izas  o f  
Scots p in e  and Corsican p in e .
Tay^e^I
I s o l a t i o n s  o f  B o le tu s  bovinus from in d iv id u a l  m yc o rrh iza s  
o f  s e e d lin g s  o f  Scots p in e  and Corsican p in e  growing in  th e  
Wareham E xp erim enta l a rea  and in  p o t -c u l t u r e s  o f  s o i l , t r a n s ­
p o r te d  from t h i s  area.
Species of pine Isolate Source Date Remarks
Scots pine la Seed-plot, ]Sareham 
experimental area
Dec. 19)5 Plot inoculated with humus from 
good stand.
1) II lb ,jSeed-patch, ISareham 
1 experimental area
Dec. 19)8 Control: so il untreated.
II II Ic' i1 II II II Dec. 19)9 Treated with hopwaste compost.
II II Id ;jPot-culture w ith 
1transported s o il
Dec. 19)5 Control: s o il untreated.
II II le - II II II Jan. 19)7 Treated with hopwaste compost.
Corsican pine 2a Seed-plot, Wareham 
experimental area
Dec. 19)5 Plot inoculated with humus 
from Corsica.
II It 2b II H N Dec. 19)8 Control: so il untreated.
II II 2c Pot-cultures with 
transported so il
Jan. 19)7 Treated with hopwaste compost.
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C u ltu re s  from th e s e  e x t r a c t io n s  a re  i d e n t i c a l  in  a l l  
r e s p e c ts .  The i s o l a t i o n s  were made from fo rk e d  as w e l l  
as from tu b e r  m y c o rrh iza s  a p p ly in g  th e  fo l lo w in g  m e th o d :-  
A f t e r  b e in g  washed and brushed th o ro u g h ly ,  and l e f t  i n  
ru n n in g  w a te r  f o r  s e v e ra l  ho urs , th e  m yco rrh izas  are  d ipped  
in  0 - 1 ^  m e rc u r ic  c h lo r id e  f o r  about 15 seconds and again  
washed 3 -5  t im e s  in  s t e r i l i z e d  w a te r .  In  each case o f  
i s o l a t i o n  i t  i s  a d v is a b le  to  p re p a re  a number o f  p a r a l l e l  
s e ts  v a ry in g  th e  p e r io d  o f  exposure to  the  s t e r i l i z i n g  
medium from 5 -30  seconds. A f t e r  s t e r i l i z a t i o n ,  th e  
m y c o rrh iz a s  whole o r  cu t in t o  sm all p ie c e s  w ith  a s t e r i l i z e d  
k n i f e  a re  p l a t e d  on one o f  th e  usu a l c u l t u r e  m edia.
I t  was found d u rin g  th e  course o f  t h is  in v e s t i g a t i o n  
t h a t  i s o l a t i o n s  o f  B. bovin u s from m yco rrh izas  were o n ly  
s u c c e s s fu l in  autumn and w in t e r  ( c f .  Tab le  I ) .  T h is  i s  
no t in  accord w ith  M e l i n ’ s e x p e r ie n c e  in  Sweden ( 9 ) .  He 
was a b le  to  i s o l a t e  My ce lium  ra d i c i s s l l ves t r i s a  a t  a l l  
seasons, b u t  found i t  more d i f f i c u l t  to  o b ta in  p u re  c u l t u r e s  
in  w in t e r  than a t  o th e r  seasons, moulds and b a c t e r i a  b e in g  
more p ro fu s e  in  th e  c u l t u r e s  th e n .
PLATE I
R h iz o m o rp h - l ik e  h y p h a l s t ra n d s  o f  B o le tu s  bov inus  
fro m  seed p l o t  o f  Scots  p in e  a t  Wareham; c o l l e c t e d  
e a r l y  s p r in g .  X  î '4 0 .
c • L § o ^ a t io ^ _ f
A t h i r d  so u rce  o f  e x t r a c t i o n  o f  B ol e t u s  bp v i j iu s  were  
th e  h y p h a l s t ra n d s  o r  rh izo m o rp h s  ( P l a t e  I )  which a re  
p r o f u s e ly  d i s t r i b u t e d  i n  t h e  e x p e r im e n ta l  s o i l  a t  c e r t a i n  
seasons and which show an o r g a n is a t io n  v e ry  s i m i l a r  t o  
t h a t  o b s e rv e d  in  hyphal s t ra n d s  o f  o t h e r  hymenomycetes  
( 6 ,  7 ) .  The rh izo m o rp h s  o f  B^^bqyin^us a re  o f  c h a r a c t e r i s t i c  
p in k is h -b r o w n  c o lo u r ;  th e y  v a ry  c o n s id e ra b ly  i n  d ia m e te r ,  
t h e i r  a v e ra g e  d ia m e te r  b e in g  6 0 -7 0  \x* Each rh izo m o rp h  i s  
a w e l l -d e v e lo p e d  hyphal s t r a n d  c o n s is t in g  o f  a c e n t r a l  
c y l i n d e r  form ed by 1 - 3  hyphae, each 4 -5  \x in  d ia m e te r ,  
e n c lo s e d  w i t h in  a sheath  o f  s le n d e r  hyphae each 2 -3  jui in  
d ia m e te r .  Cl amp- conn a c t io n  s have n o t  been o b s e rv e d  in
th e  h y p h a l f i l a m e n t s  fo rm in g  th e s e  rh izom orph s . F o r  t h e  
p u rp o s e  o f  i s o l a t i o n ,  f r e s h  rh izo m o rp h s  were washed f o r  
about 10 seconds in  0*1%  H C l, r in s e d  i n  s t e r i l i z e d  w a te r  
and p l a t e d  on n u t r i e n t  a g a r .  A f t e r  about 5 days, 
c h a r a c t e r i s t i c  c o lo n ie s  o f  B _ ^ _ ^ v j j^ s  d eve lo ped .
I d e n t i t y  t e s t s .
The i s o l a t e s  o f  B^^_bqvijg[U5 from  v a r io u s  sources re s e m b le  
each o t h e r  in  re s p e c t  to  k in d  and r a t e  o f  g ro w th , c o lo u r ,  
r e a c t i o n s  to  a number o f  c u l t u r e  m ed ia , and m o r p h o lo g ic a l  
and c y t o l o g i c a l  d e t a i l s .
PLATE Ic ^
B o le tu s  b o v in u s ; c u l t u r e s  fro m  th r e e  
d i f f e r e n t  s o u rc e s ;
1 .  fro m  m y c o rrh iz a  o f  Scots  p in e  s e e d l in g ;
e x p e r im e n ta l  a r e a .
2 .  f ro m  s p o ro p h o re , e x p e r im e n ta l  a r e a .
3 .  f ro m  rh iz o m o rp h .e x p e r im e n t a l  a r e a .
On b e e r w o r t - a g a r , 18 d a y s .  N a t . s i z e .
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B u l le r ^ s  m ethod (2 )  o f  t e s t i n g  i d e n t i c a l  o r  r e l a t e d  
m y c e l ia  was a p p l ie d  to  th e  f o l lo w in g  combin a t  io n  s: -
' B. bovlims (from sporophore) * Myoelium radicis Scots pine (Table I .  la )  
" " " " " " “ (Table I ,  Ic)
" ” “ " X " “ Corsican pine (Table I ,  2a)
" " " " " " (Table I ,  2c)
The m y c e l ia  i s o l a t e d  from m y c o rrh iz a s  and from rh izom orph s  
a re  i d e n t i c a l  w i th  th o s e  e x t r a c t e d  from ^ o r o p h o r e s  o f  
bqy^ljms a c c o rd in g  to  t h i s  t e s t .
4 . CULTURAL AND.MYCELIAL CHARACTERS
The i n i t i a l  p l a t i n g s  were u s u a l ly  made on b e e r -w o r t
th e
agar*  . ' T h is  medium s u p p o rts  r a p id  growth o f /m y c e l iu m .
A f t e r  3 -5  days o f  in c u b a t io n ,  c o lo u r le s s  hyphae a re  n o t ic e d  
to  emerge from  th e  inocu lum . They g r a d u a l ly  form a r a is e d  
c o lo n y , w h ite  in  c o lo u r  ( P l a t e  I I ,  f i g .  1 )  f l a t t e n i n g  down 
a f t e r  about 12  days o f  g row th . Then th e  c o lo u r  changes
* • Sweet w o rt*  f r e s h  from th e  b rew ery  i s  d i l u t e d  to  s p e c i f i c  
g r a v i t y  1 *0 4  and f u r t h e r  d i l u t e d  to  th r e e  t im e s  th e  volume  
w ith  w a te r .  2% agar i s  added and th e  medium i s  s t e r i l i z e d  
by s team ing  (n o t  auto c l  av ing! ) t w ic e .  The pH v a lu e  o f  
b e e r - w o r t  ag a r  ranges between 4 *4  and 5 * 2 .
PLATE I I
B o le tu s  b o v in u s ; Type c o lo n ie s  on b e e r w o r t - a g a r ; 
i s o l a t e d  fro m  s p o ro p h o re .  N a t u r a l  s i z e .
F i g . l ;  12 days* c u l t u r e .
5
F i g . 2 :  30 days* c u l t u r e .
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to  y e l l o w i s h - p i n k .  S im u l ta n e o u s ly ,  z o n a t io n  s t a r t s  i n  
p e t r i - d i s h e s  and i n  c u l t u r e  f l a s k s  ( P l a t e  I I ,  f i g .  2 ) .
A f t e r  3 weeks, t h e  m ycelium  b e g in s  to  exude brown s t a l i n g  
p r o d u c ts  i n d i c a t i n g  th e  t im e  when sub c u l t u r i n g  i s  d u e .  
M o n th ly  s u b c u l t u r i n g  i s  th e  g e n e r a l  p r a c t i c e .
The v ig o u r  o f  t h e  fu n g u s  has been s u s ta in e d  by changes  
o f  m e d ia  among w hich t h e  f o l l o w i n g  w ere used a l t e r n a t i v e l y :  
b e e r - w o r t  a g a r  ( c f .  p .  1 0 ) ,  * g lu c o s e  a g a r * * , m a l t  a g a r ,  
and i n  some cases  steam ed s o i l  ( c f .  p .  1 9 ) .  B u t  even  
when a change o f  * d i e t  * i s  g iv e n ,  p u r e  c u l t u r e s  o f
lo o s e  t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  v ig o u r  a f t e r  
a b o u t 3 y e a r s .
The c o lo n ie s  o f  B. b o v in u s  i s o l a t e d  i n  t h i s  c o u n try  
a r e  o f  c o t to n -w o o  1 - 1  i k e  a p p e a ra n c e , w h ite  when young , w i th  
a s l i g h t l y  p i n k i s h  t i n g e ,  becom ing brown w i th  age and  
e x u d in g  a d a rk -b ro w n  p ig m e n t .  The hyphae a re  s e p t a t e ,  
v a r y in g  i n  w id th  from  2 - 6  }x, i n  e x tre m e  cases 1 0 - 1 2  n ,  
t h e  s u b s t r a t e  hyphae a re  o f  s m a l le r  d ia m e te r  th a n  t h e  a i r  
h y p h a e . The w id th  o f  t h e  l a t t e r  depends on t h e  c u l t u r e
D i s t i l l e d  W a te r  1 ,0 0 0  c. c,
A g a r -a g a r  1 5 *0  gm.
G lu c o s e  2 0 '0  gm.
MgS0 4  0 - 1  gm.
NH4  Cl 0 - 5 gm.
KH2 PO 4  1 - 0  gm.
/A p l a t e  l i a
BOLETUS BOVINUS
F i g s • l y 2 ; A i r  hyphae showing c la u p -c o n n e c t io n s  ( a ) ,  
^ s im p le  b ra n c h in g  ( b ) ,  and * p a a r ig e   ^ b ra n c h in g  ( c ) •
F i g , 5 ; S u b s t r a t e  hyphae showing h y p h a l f u s i o n .
? l g . 4 : S u b s t r a t e  hyphae fo rm in g  i n t e r c a l a r y  and t e r m in a l  
s w e l l i n g s .
A l l  d raw in g s  were made fro m  l i v i n g  m a t e r i a l  
u s in g  a L e i t z  camera l u c i d a .  x. 4 6 0 .
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medium u sed ; i t  app ears  t h a t  c e r t a i n  c a rb o h y d ra te s ,  e . g .  
d e x t r o s e ,  in d u c e  fo r m a t io n  o f  w id e r  hyphae th an  do o t h e r s .  
Cl a m p -c o n n e c tio n s  a re  more o r  l e s s  numerous on a e r i a l  hyphae  
( P l a t e  IT  a, f ig $ .  \ 2 )  o f  w ide  d ia m e te r  -  approx. above 8 pi -  
in d e p e n d e n t ly  o f  t h e  n a tu re ,  o f  th e  s u b s t r a te .  They have  
n o t  been o b s e rv e d  on s u b s t r a t e  hyphae. An e f f e c t  o f  
t e m p e r a tu r e  on t h e  fo r m a t io n  o f  c l  am p-connections  m e n tio n e d  
by M e l in  ( 9 )  has n o t  been n o t ic e d .  B ut i t  was n o te d  t h a t  
t h e  E n g l is h  s t r a i n s  a f t e r  b e in g  sub c u l t u r e d  s e v e r a l  t im e s ,  
show a d e c re a s e  in  th e  in c id e n c e  o f  c l  am p -co n n e c tio n s ,  
th e s e  c e a s in g  to  b e  p ro d u c e d  a f t e r  a p e r io d  o f  about  
t w e lv e  m onths.
H yphal f u s io n s  a re  f r e q u e n t  in  younger c u l t u r e s  
P l a t e  IT&, f i g .  3 ) .  The s u b s t r a t e  hyphae form  o f t e n  
t e r m in a l  and I n t e r c a l a r y  s w e l l in g s  o f  v a r io u s  shapes and  
s iz e s  ( P l a t e  i j a ,  f i g . a  4 ) ;  no t r u e  spo res  a re  fo rm e d .
* *P a a r ig “ b r a n c h in g  ( 9 )  o c c u rs  more o r  le s s  f r e q u e n t l y ,  
i t s  in c id e n c e  d e c re a s in g  w i th  t h e  age o f  t h e  c u l t u r e ;  in  
o l d e r  c u l t u r e s ,  t h e  s im p le  ( " e i n f  ache") ty p e  o f  b r a n c h in g  
i s  d o m in a n t .  M o d i f i c a t i o n s  o f  t h e  " p a a r ig e "  b ra n c h in g  
a re  n o t  r a r e .
A c o n s ta n t  f e a t u r e  o f  t h e  m ycelium  o f  ^L._bovjjaTis 
seems to  b e  t h e  p re s e n c e  o f  g r a n u le s  on s u b s t r a te  and
PLATE I l b
BOLETUS BOVINUS
P l g . l : A i r  hypha exuding la rg e  g r a n u le s • From 2 months 
o ld  c u l t u r e  on steamed s o i l  from  Wareham F o re s t#  
F i g #2; ’ Brown’ a i r  hypha* From 6 weeks o ld  c u l t u r e  on 
m a l t - a g a r •
A l l  drawings were made from  l i v i n g  m a t e r ia l  
u s in g  a L e i t z  camera lu c i d a .  x 4 6 0 .
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a e r i a l  hyphae ( P l a t e  l i b ,  f i g .  1 ) .  They appear on
m ycelinm  g row in g  in  th e  s o i l  and on a l l  a r t i f i c i a l  c u l t u r e  
m ed ia  used  d u r in g  th e  p r e s e n t  i n v e s t i g a t i o n .  They h a v e  
a ls o  been o b s e rv e d  on m y c e l ia  o f  o t h e r  s p e c ie s ; e . g . ,
B. lu t e u s  by t h e  w r i t e r ,  and B. e l  egans by a n o th e r  i n v e s t i ­
g a t o r  ( 7 ) ,  and seem to  b e  c h a r a c t e r i s t i c  f o r  t h e  genus  
g iv in g  t h e i r  hyphae a p a p i l l a t e d  app earan ce .
The g r a n u le s  a re  h y a l in e ,  l ig h t - b r o w n  o r  d a rk -b ro w n , th e  
c o lo u r  v a r y in g  w i th  th e  s u b s t r a t e  and d a rk e n in g  w i th  age.
I n  c e r t a i n  m ed ia , e .g .  i n  t h e  s o i l  o f  th e  e x p e r im e n ta l  
a re a  a t  Wareham F o r e s t ,  th e  hyphae exude masses o f  l a r g e  
g r a n u le s  which f u s e ,  embedding t h e  hyphae i n  a s h e a th  o f  
u n t id y  app e a ra n c e .
On a l l  c u l t u r e  m ed ia  used , b u t  n o t  in  t h e  n a t u r a l  
s o i l ,  brown a e r i a l  hyphae o f  l a r g e  d ia m e te r  were o b s e rv e d  
( P l a t e  l i b ,  f i g .  2 ) .  These a re  i d e n t i c a l  w i th  th o s e
d e s c r ib e d  by M e l in  f o r  c u l t u r e s  o f  N^%^^LUwm r^^Ux^U5_abdj^^Us 
( 9 )  and by How f o r  B. e^egans ( 7 ) .  The brown hyphae a re  
u s u a l l y  un branch ed  and a p p ear i s o l a t e d .  A ccord ing  t o  
How ( 7 ) ,  th e s e  hyphae a re  a g e n e ra l  f e a t u r e  o f  t h e  B o l e t i  
i n  c u l t u r e .
The E n g l is h  s t r a i n s  o f  B. b o v in u s  i s o l a t e d  by t h e  
w r i t e r  a re  i d e n t i c a l  w i th  th e  ty p e  o f  m ycelium  d e s c r ib e d
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by M e l in  and named by him My^celium, r a d i c is  s l l v e s t r i s  g ( & ) .  
M e l in  has c l a s s i f i e d  h is  form  M. r .  s i l v e s t r i s  a in  two  
groups ( 9 ) : -
Group a: form s w ith  fe w  i f  any c l  am p-connections; e .g .
B. e le g a n s , B« b a d iu s ,  B. g r a n u la tu s .
Group b: form s w ith  numerous c l  am p-connections; e . g .
B. lu t e u s .
W ith  re g a rd  to  Group b , M e l in  exp re s s es  th e  o p in io n  t h a t  
th e  m ycelium  o f  B ._ b o v in u s  can p r o b a b ly  be p la c e d  h e r e .  
O b s e r v a t io n s  in  p u re  c u l t u r e  and i n  th e  n a t u r a l  s o i l  medium 
from th e  f i e l d  where c l  am p -co n n ec tio n s  are  form ed f r e e l y  
have  c o n f irm e d  M e l i n ’ s v ie w .
H yphal s t ra n d s .
On s y n t h e t ic  m edia , c o lo n ie s  o f  B. bovin u s  deve lo p  
h yp h a l s t ra n d s  o f  an a v e ra g e  d ia m e te r  o f  20 | i .  They resem ble  
th o s e  d e s c r ib e d  by M e l in  ( 9 )  and a re  a lso s i m i l a r  to  th e  
ty p e  a r i s i n g  in  o l d  s o i l  c u l t u r e s  ( c f .  p . 2 1 )  and to  t h e  
rh izo m o rp h s  d i s t r i b u t e d  i n  th e  s o i l  o f  the - e x p e r im e n ta l  
a re a  ( c f .  p. 9 ) .  P h y s i o l o g i c a l l y ,  th e  h yp h a l s t ra n d s
p ro d u ced  in  s y n t h e t ic  c u l t u r e s  app ear to  be  d i f f e r e n t  from  
t h e  two l a t t e r  ty p e s .  S u b c u l tu r in g  o f  hyphal s t ra n d s  
from  a co lo n y  o f  th e  o r d in a r y  b e e r - w o r t  o r  m a l t  agar medium
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has n o t  been s u c c e s s fu l ,  w h i le  s t ra n d s  from th e  s o i l  c u l t u r e s  
m en tio n e d  as w e l l  as rh izo m o rp h s  from  n a t u r a l  s o i l  were  
s u c c e s s f u l ly  sub c u l t u r e d  on v a r io u s  o c c a s io n s . I t  app ears  
t h a t  rh izo m o rp h s  fu n c t io n  as a r e s t i n g  s tag e  p roduced  when 
th e  fo o d  su p p ly  b e g in s  to  d e c re a s e  and t h a t  th e y  ’ g e rm in a te *  
r e a d i l y  u n d e r  c e r t a i n  c o n d i t io n s  n o t  y e t  f u l l y  known.
C a r e f u l  e x a m in a t io n  o f  t h e  s o i l  in  th e  e x p e r im e n ta l  a re a  
r e v e a le d  t h a t  rh izom orph s  were abu n d a n tly  d i s t r i b u t e d ,  
s p e c i a l l y  around ro o ts  o f  young p in e  s e e d l in g s ,  d u r in g  
M arch, and t h a t ,  one month l a t e r ,  h a r d ly  any t r a c e  o f  them  
c o u ld  be d e te c te d  i n  th e  same a re a .  T h is  i n d i c a t e s  t h a t ,  
in  th e  f i e l d ,  th e  rh izom orph s  g e rm in a te  when r o o t  g ro w th  
becomes a c t i v e  in  th e  s p r in g .
' 5 .  PHYSIOLOGICAL REACTIONS 
B o le tu s  b o v in u s  does n o t  d i f f e r  from o t h e r  B o le tu s  spp. 
f o r  which d a ta  e x i s t  in  i t s  r e a c t io n  to  th e  pH v a lu e  o f  
th e  s u b s t r a t e .  The optimum pH f o r  growth on b e e r - w o r t  
a g a r  and m a l t  a g a r  l i e s  betw een 4 and 5 , L a b o r a to ry  
o b s e r v a t io n s  show t h a t  t h e  m ycelium  grows w e l l  on a l l  th e  
common c u l t u r e  m ed ia  on th e  a c id  s id e  up to  a pH o f  6 .
I t  appears  t h a t  in  i t s  n a t u r a l  h a b i t a t  th e  fungus o c c u rs  
on s o i l s  o f  s i m i l a r  range o f  pH. I n  t h is  c o u n try ,  t h e
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w r i t e r  has o b s e rv e d  sporophores o f  B. b o v inus on s o i l s  o f  
pH ra n g in g  from  3 - 8 - 5 .
W ith  r e g a rd  to  th e  sou rces  o f  carbon u t i l i z e d ,  among 
c a rb o h y d ra te s  g lu c o s e  and m a n n ito l  p ro v e d  to  be  most 
a c c e p ta b le ,  w h i le  g a la c to s e  and x y lo s e  gave v e ry  p o o r  
r e s u l t s .  M e l in  (1 0 )  s t a t e s  t h a t  g lu co se  i s  th e  b e s t  
source  o f  carbon f o r  t h e  B o l e t i  i n  g e n e r a l ,  an o b s e r v a t io n  
which was c o n f irm e d  by How (7 )  f o r  B . e l  eg an s. The r e l a t i v e  
amounts o f  grow th on a s ta n d a rd  n u t r i e n t  agar w ith  s u b s t i ­
t u t i o n s  o f  d i f f e r e n t  sug ars  a re  i n  th e  f o l lo w in g  o r d e r :  
D e x tro s e ,  M a lto s e ,  M a n n i t o l ,  L e v u lo s e ,  R a f f in o s e ,  S a c c h a ro se ,  
L a c to s e ,  G a la c to s e ,  X y lo s e . M a n n ite  y ie ld s  good r e s u l t s ,  
g l y c e r i n e  p ro v e s  to  be no s o u rce  f o r  Carbon. S ta rc h  o f  
o a tm e a l and m a ize  i s  r e a d i l y  u t i l i z e d .
I t  was o f  c o n s id e r a b le  i n t e r e s t  to  know th e  r e a c t io n  
o f  B._Jboy^ijtms to  c e l l u l o s i c  m a t e r i a l ,  and a c c o r d in g ly ,  
v a r io u s  form s o f  c e l l u l o s e  were t e s t e d ,  e .g .  f i l t e r  p a p e r ,  
c o t to n  W 0 9 I ,  ’p u r e ’ c e l lu lo s e *  s u p p l ie d  by th e  C h e m is try  
D e p t . , Woolwich A rsenal and Xylinum  c e l l u l o s e  ( 1 ) * *
♦ P re p a re d  from  c o t to n  s l i v e r  by f o l lo w in g  t r e a t m e n t s : -
1 .  B o i le d  w ith  5 p a r t s  o f  4% c a u s t ic  soda s o lu t io n ;
2. W ell b le a c h e d  w ith  c a lc iu m  h y p o c h lo r i t e ;
3 . R e b o i le d  w i th  5 p a r t s  o f  1% c a u s t ic  soda s o lu t io n ;
4 . B le a c h e d  m i l d l y  w ith  sodium h y p o c h lo r i t e ;
5 .  Soaked in  d i l u t e  a c e t i c  a c id ;
6 . Washed w ith  d i s t i l l e d  w a te r ;  ^
7 .  D r ie d  in  vacuum. L N o te  * ♦  on n e x t  p a g e ]
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I n  no case was th e  c e l l u l o s i c  m a t e r i a l  u t i l i z e d  by th e  
fungus u n d e r  th e  n u t r i t i v e  c o n d i t io n s  p ro v id e d  ( c f .  p .  74  ) ,
S o urces o f  N i t r o gen.
No o b v io u s  d i f f e r e n c e  in  g row th  i s  ob served  w ith  
n i t r a t e s  o r  ammonium s a l t s  as a l t e r n a t i v e s .  A s p a ra g in e  
and n u c l e i c  a c id  g iv e  r e s u l t s  n o t  n e a r ly  so good as n i t r a t e s  
and-ammonium s a l t s ,  n u c le ic  a c id  from  th e  thymus b e in g  more  
e f f e c t i v e  th a n  from  y e a s t .  P e p to n e  and g ly c o c o l l  a re  
u t i l i z e d  v e ry  f e e b l y .  Tannin  added i n  t r a c e s  as p u r e  
a c id  o r  as an e x t r a c t  from  th e  c o r te x  o f  v a r io u s  t r e e  
s p e c ie s ,  i s  o f  no v a lu e ;  g iv e n  in  h ig h e r  c o n c e n t r a t io n  
i t  p ro v e d  to  be  t o x i c .
Sources o f  P h o sp h ate .
I n  s y n t h e t ic  m edia used  d u r in g  t h i s  i n v e s t i g a t i o n ,  
p h o s p h a te  was u s u a l l y  s u p p l ie d  in  t h e  form o f  KH2 PO 4 which  
i s  more e f f e c t i v e  to  grow th  th an  th e  monohydrogen p h o s p h a te .  
The o p t im a l  c o n c e n t ra t io n  o f  KH2 PO 4  appears to  b e  0 * 1 ^ .  
R esearches  to  t e s t  th e  r e a c t io n  to  o rg a n ic  form s o f  p h o s p h a te ,
r F o o t n o t e  * ♦  from  p r e v io u s  p a g e ]
♦ *  The c u l t u r e s  were p r e p a r e d  as f o l l o w s : -  L a y e rs  o f
X y l i n um c e l l u l o s e ,  approx . 5 mm. t h ic k ,  were th o ro u g h ly  
washed in  d i s t i l l e d  w a te r ,  p la c e d  i n  sm all p e t r i - d i s h e s ,  
m o is te n e d  w ith  v e ry  d i l u t e  b e e r -w o r t  o r  m a l t  e x t r a c t  and 
th en  s t e r i l i z e d .
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e . g .  b o n e -m e a l,  l e c i t h i n ,  a re  i n  p ro g re s s .
A number o f  g ro w th -p ro m o tin g  sub stan ces  ( t h e  e x p re s s io n  
used  in  a w ide sense) were t e s t e d .  Among v a r io u s  s u b s ta n c e s  
s u p p l ie d  as a d d i t io n s  to  th e  o r d i n a r y  c u l t u r e  m e d ia , a 
cru d e  e x t r a c t  o f  f r e s h  l e n t i l s  (5 )  p ro v e d  to  be e f f e c t i v e .
I t  s t im u la t e s  g ro w th  and i s  u s e f u l  f o r  i s o l a t i o n  o f  
B. Jpoyinus from  m y c o rrh iz a s .
6 . G^W TH 0 N IPUMUS’ AND CERTAIN ORGANIC COMPOSTS
t
Growth on 'hu m u s!.
D u r in g  t h e  cou rse  o f  th e s e  re s e a rc h e s ,  a s e r i e s  o f  
o b s e r v a t io n s  has been made w i th  re g a rd  to g row th  o f  l^ o le t u s 
^Q_vlnus on c e r t a i n  o r g a n ic  s o i l s .  The g e n e ra l  e x p e r ie n c e  
seems to  be t h a t ,  i n  t h e  l a b o r a t o r y ,  th e  m y c e l ia  o f  
hymenomycetes do n o t  grow  on 'hum us' o r  grow p o o r ly  on 
i t ,  an o b s e r v a t io n  which has been c o n firm e d  r e p e a t e d ly  
when e x p e r im e n t in g  w ith  B. b o v in u s .
T h is  b e h a v io u r  i s  s u r p r i s i n g  as 'humus' i s  th e  n a t u r a l  
medium in  which t h e  m ycelium  grows and from w hich i t  i s  
i s o l a t e d .  M o re o v e r ,  p u r e  c u l t u r e  in o c u la t io n  in  t h e  f i e l d  
( 1 3 ,  1 4 ,  1 5 ,  1 6 ,  1 7 )  have  shown t h a t  th e  m ycelium  o f  
^ ^ _ b o v in u s  grown on s y n t h e t ic  m ed ia  can be sub c u l t u r e d
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i n t o  th e  s o i l  o f  t h e  e x p e r im e n ta l  a re a .  The n e g a t iv e  
r e s u l t s  i n  l a b o r a t o r y  e x p e r im e n ts  i n d i c a t e  t h a t  th e  
c o n d i t io n  o f  th e  'humus' samples when s e p a ra te d  from  t h e  
dynam ic system in  th e  f i e l d  u n d erg o es  p ro fo u n d  changes  
w ith  r e g a r d  to  i t s  b i o l o g i c a l  q u a l i t i e s ,  which seems t o  
account f o r  t h e  d i f f e r e n t  b e h a v io u r  o f  th e  m ycelium  i n  
l a b o r a t o r y  e x p e r im e n ts .
O n ly  a f t e r  s t e r i l i z a t i o n ,  o r g a n ic  s o i l  does p r o v e
to  be  a s a t i s f a c t o r y  c u l t u r e  medium f o r  B. bov ijii^s . Among
s t e r i l i z i n g  ag e n ts  th e  f o l l o w i n g  were s u c c e s s fu l ly  u sed :
o
a lc o h o l ,  e t h e r ,  f o r m a l i n ,  t o l u o l .  Steam ing a t  100 C has  
a ls o  g iv e n  good r e s u l t s .  I t  has n o t  been found n e c e s s a ry  
to  le a c h  th e  woodland s o i l  a f t e r  t h i s  ' p a r t i a l  s t e r i l i z a t i o n '  
by s te a m in g . Growth was e q u a l ly  good on steamed s o i l  
le a c h e d  and n o t  le a c h e d .  I n  t h i s  r e s p e c t ,  t h e  e x p e r ie n c e  
o f  th e  w r i t e r  d i f f e r s  from  t h a t  o f  M e l in  (1 0 ) ,  a c c o rd in g  t o  
whom le a c h in g  o f  t h e  s o i l  a f t e r  s tea m in g  i s  e s s e n t i a l .
"Auf Rohhumus, d e r  durch E r h i t z u n g  a u f  1 0 0 Oder  m ehr  
s t e r i l i s i e r t  i s t ,  e n tw lc k e n  s ic h  d i e  e ig e n t l ic h e n  M y k o r -  
r h i z a p i l z e  n u r  dann, wenn d e r  Humus nach d e r  S t e r i l i s i e r u n g  
m it  Wasser ausgewaschen wurde. Das Wachstum i s t  J edoch 
z ie m l ic h  schwach, und zwar w a h r s c h e in l ic h  aus dem G run de, 
w e l l  d ie  beim  E r h i t z e n  g e b i ld e t e n  G i f t s t o f f e  durch das
PLATE I I I
#
&
B o le tus  b o v in u s : C u ltu re s  on a .  Wareham s o i l  
steam ed, and b .  Wareham s o i l  a u to c la v e d ;
1 month, x 2 / 3 .
Note good grow th  on ( a ) ,  poor g row th  on (b )  #
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Auswaschen n u r  t e i l w e i s e  e n t f e r n t  werden k o n n te n . ” ( 1 0 ,  p . 4 6 ) ,  
M e l in  does n o t  m ention  t h e  p e r io d  o f  s t e r i l i z a t i o n  h e  u s ed ,  
b u t  a p p a r e n t ly  t h e  t im e  f a c t o r  p la y s  an e s s e n t ia l  r ô l e ,  
s in c e  o b s e r v a t io n s  showed t h a t  s team in g  a t  lOO^C f o r  mo^re 
than  40 m in u te s  and auto c l  a v in g  f o r  mo_re than  10 m in u te s  
a f f e c t  g ro w th  o f  th e  m ycelium  a d v e r s e ly  ( P l a t e  I I I ) ,  and  
i t  may be assumed t h e r e f o r e  t h a t  M e l in  ' s s ta te m e n t  p r o b a b ly  
r e f e r s  to  such t r e a t m e n t s .  I t  ap p ears  t h a t  t h e  e f f e c t  
b ro u g h t  about by lo n g -s te a m in g  and auto c l a v in g  f o r  m ore  
th a n  a s h o r t  p e r i o d  ( 1 0  m in u te s )  may be due n o t  o n ly  t o  
th e  p r o d u c t io n  o f  t o x ic  s u b s ta n c e s  b u t  a lso  to  th e  
d e s t r u c t io n  o r  e l i m i n a t i o n  o f  v a lu a b le  food s u b s ta n c e s .
I t  i s  w e ll-k n o w n  t h a t  auto  c l  a v in g  re n d e rs  c e r t a i n  o r g a n ic  
m ed ia  u n s u i t a b l e  f o r  th e  c u l t i v a t i o n  o f  h ig h e r  f u n g i ,  b u t  so 
f a r  no c r i t i c a l  re s e a rc h  o f  t h i s  phenomenon has been c a r r i e d  
o u t .
A l l  a t te m p ts  to  grow th e  m ycelium  o f  B_^_bovi^i^s^ on 
s o i l  e x t r a c t s  have  been u n s u c c e s s fu l .  In  t h e  case o f  t h e  
e x p e r im e n ta l  s o i l  from Wareham F o r e s t ,  a d d i t io n  o f  an e x t r a c t  
o f  t h i s  to  t h e  o r d in a r y  c u l t u r e  medium d e f i n i t e l y  I n h i b i t e d  
th e  g ro w th  o f  t h e  m ycelium  ( o f .  t o x i c i t y ,  1 2 ) .
PLATE IV
B o le tu s  b o v in u s ; C o lo n y  on Wareham s o i l  
steam ed w i t h  a d d i t i o n  o f  b e e rw o r t#
2 m onths. N a t u r a l  s iz e #
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Growth on humus w ith  add i t i on o f  n u t r i e n t s .
V ery  e f f e c t i v e  a re  a d d i t io n s  o f  th e  o r d in a r y  l i q u i d  
c u l t u r e  m ed ia  to  steamed h e a th  and woodland s o i l s  ( P l a t e  I V ) .  
They s t r o n g ly  s t im u la t e  grow th o f  th e  mycelium which 
deve lo ps  more f r e e l y  on such s u b s t r a te  than on e i t h e r  o f  
th e  c o n s t i t u e n t  m edia a lo n e .  W hether s o i l  and l i q u i d  
medium a re  steamed to g e t h e r  o r  s e p a r a te ly ,  t h e r e  i s  no 
d i f f e r e n c e  in  g ro w th  r e a c t io n .  F o r conven ience , th e y  were 
u s u a l ly  steamed t o g e t h e r .  S o i l  ( fro m  th e  e x p e r im e n ta l  
a re a  o r  s i m i l a r  s o i l s )  was p la c e d  in  small E r le n m e y er  f l a s k s ,  
th e  s o i l  th o ro u g h ly  m o is te n e d  w ith  d i l u t e  b e e r -w o r t  ( b e e r -  
w ort used f o r  th e  o r d in a r y  c u l t u r e  medium d i l u t e d  to  h a l f  
i t s  v o lu m e ),  steamed f o r  about 2 0  m in u tes  and in o c u la t e d  
w ith  ^..jOo^yijm^s from a p u re  c u l t u r e .  The m ycelium  grew  
r a p i d l y  d e v e lo p in g  a e r i a l  hyphae o f  l a r g e  d ia m e te r  w i th  
c l  am p -co nn ectio ns  th e  in c id e n c e  o f  which was h ig h e r  th a n  
on any o t h e r  c u l t u r e  medium used , and p ro d u c in g  a l u x u r i a n t  
grow th  o f  s u b s t r a te  hyphae which sub sequ ently  form ed l a r g e  
hyp ha l s t r a n d s .  D i lu t e d  ' g lu c o s e '  medium o r  m a lt  when 
added to  t h e  s o i l ,  i s  n e a r ly  as e f f e c t i v e  as b e e r - w o r t .  
A d d it io n  o f  2% g lu c o s e  a lo n e  a ls o  prom otes s t im u la t io n  
o f  g ro w th .
PLATE V
B o le tu s  bovinus t C o lo n ie s  on ' t r e a t e d '  o rg a n ic
com posts; 8  d a y s , K 2 .
F i g . l :  On Hopwaste compost#
F i g #2: On S traw  compost#
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Growth o f  composts.
S in c e  c e r t a i n  o r g a n ic  composts have b ro u g h t  about  
re m a rk a b le  developm ent o f  m y c o rrh iz a s  on s p e c ie s
o f  p in e  a t  th e  e x p e r im e n ta l  a re a  a t  Wareham (1 3 ,  1 4 , 1 5 ,  1 6 ,  
1 7 ) ,  i t  was o f  s p e c ia l  i n t e r e s t  to  s tudy  t h e  grow th  o f  
th e  fun gu s  on th e  composts i n  q u e s t io n . *
The composts f r e s h l y  made up as w e l l  as i n  v a r io u s  
s ta g e s  o f  de c o m p o s it io n  were r e p e a t e d ly  t e s t e d  as c u l t u r e  
m ed ia  f o r  B . bo v in u s .  L o w e rin g  th e  a c i d i t y  from  pH 6  and 
5 * 4  to  pH 4 *8  ( t h e  averag e  pH v a lu e  o f  c u l t u r e  m ed ia  used  
f o r  Bj^_boy^n^s) p rod uced  no e f f e c t ;  n o r  d id  s t e r i l i z a t i o n  
by s te a m in g  g iv e  a p o s i t i v e  r e s u l t .  O nly  when le a c h e d  
and a f te r w a r d s  steamed, d id  t h e  ' o l d ' composts t e s t e d  s u p p o rt  
gro w th  o f  th e  m ycelium  ( P l a t e  V, f i g s .  1 ,  2 ) ,  th e  composts  
i n  an advanced s ta g e  o f  d e c o m p o s it io n  b e in g  more f a v o u r a b le  
to  g ro w th  th a n  i n  you ng er s ta g e s .
O th e r  i n v e s t i g a t o r s  (A® M o rto n , u n p u b l is h e d )  h a v e  
succeeded i n  g ro w in g  th e  fun gu s  on some o f  t h e  o r g a n ic  
composts in  q u e s t io n ,  b u t  n o t  know ing th e  s ta g e  o f  t h e
*  Among th e  v a r io u s  o r g a n ic  composts a p p l ie d  i n  th e  f i e l d ,  
two were m a in ly  used d u r in g  t h e  cou rse  o f  th e s e  r e s e a r c h e s ,  
one d e r iv e d  from  hopw aste from  b r e w e r ie s ,  th e  o t h e r  from  
s tra w .
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compost a t  w h ich  t h i s  was a t t a i n e d ,  I  have n o t  been a b le  
to  r e p e a t  t h i s  e x p e r im e n t  w i th ,  a p o s i t i v e  r e s u l t ;  n e i t h e r  
was I  s u c c e s s f u l  i n  r e p e a t i n g  e a r l i e r  e x p e r im e n ts  (u n ­
p u b l i s h e d ,  fro m  P r o f e s s o r  R a i s t r i c k ' s  l a b o r a t o r i e s .  S ch o o l  
o f  H y g ie n e  and T r o p ic a l  M e d ic in e )  i n  which t h e  m yc e liu m  
g re w  on t h e  com posts w i th  a d d i t i o n  o f  s u g ar.
One has to  b e a r  i n  m in d  t h a t  d u r in g  t h e  d e c o m p o s it io n  
o f  t h e  com posts v a r io u s  s ta g e s  a r e  gone th ro u g h  -  each due 
to  a p a r t i c u l a r  group o f  o rg a n is m s  -  which g i v e  r i s e  to  
p a r t i c u l a r  b y - p r o d u c t s  t h a t  a re  made u s e  o f  f o r  t h e  
n u t r i t i o n  o f  t h e  n e x t  group o f  o rg a n is m s  i n  t h e  c y c le  
o f  d e c o m p o s it io n .  B. b o v in u s  i s  u n a b le  to  u s e  t h e  ra w  
p r o d u c t  a t  t h e  b e g in n in g ;  i t  i s  u n a b le  to  u t i l i s e  t h e  
f i n a l  p r o d u c t ;  i t  may b e  a b le  to  u s e  th e  p r o d u c ts  a r i s i n g  
a t  o n e  o f  t h e  i n t e r m e d i a t e  s ta g e s ,  b u t  I  h a v e  n o t  been  
a b le  t o  f i n d  t h a t  s ta g e  -  i f  i t  e x i s t s .
T h e re  i s  t h e  c o m p l ic a t in g  f a c t  t h a t  s u b s ta n c e s  t o x i c  
to  B. bq^yin^s a re  p ro d u c e d  d u r in g  t h e  d e c o m p o s it io n ;  th e  
p r e s e n c e  o f  t h e s e  makes i t  d i f f i c u l t  to  d e te rm in e  i f ,  a t  
some i n t e r m e d i a t e  s ta g e ,  t h e r e  a r e  p ro d u c e d  n u t r i t i v e  
s u b s ta n c e s  t h a t  B. _ b o v in u s  c o u ld  u s e ,  because  l e a c h i n g  
ma y  rem ove t h e  l a t t e r  as w e l l  as t h e  fo rm e r .
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T h a t  t h e r e  a re  p o t e n t i a l  n u t r i e n t s  f o r  B. bovinu_s 
i n  th e  compost i s  sug gested  by i t  grow ing  on compost t h a t  
has been le a c h e d  (w h ich  p re s u m a b ly  removes t o x in s  an^ d 
n u t r i t i v e  b y -p r o d u c ts  o f  m ic r o b io lo g ic a l  o r i g i n )  and th e n  
steam ed (w h ich  p resum ab ly  l i b e r a t e s  a f re s h  l o t  o f  n u t r i e n t s  
by chem ica l a c t io n ,  which can now be made u s e  o f  by 
Bo_Jboyinus as th e  t o x in s  have been removed by th e  p r e v io u s  
l e a c h i n g ) •
G row th on compost e d s o i l .
As i t  i s  b e l i e v e d  on good e v id e n c e  t h a t  c e r t a i n  
composts b r i n g  about re m a rk a b le  change in  th e  s o i l  b io n o m ic s  
th ro u g h  a p ro fo u n d  i n f l u e n c e  on t h e  m i c r o - f l o r a  and i t s  
a c t i v i t y ,  a number o f  l a b o r a t o r y  e x p e r im e n ts  w ere s e t  up 
i n  o r d e r  to  s tu d y  th e  grow th  r e a c t io n  o f  B. bov i n u s on 
composted s o i l .
Samples o f  s u r fa c e  s o i l  ( 4 "  deep) from beds o f  an 
a re a  a t  Wareham F o r e s t  composted in  1933 , were in o c u l a t e d  
from  a p u re  c u l t u r e  o f  th e  fungus a t  v a r io u s  p e r io d s  d u r in g  
1936 and 1 9 3 7 ,  The r e s u l t s  were as f o l l o w s : -
1 . Wareham s o i l ,  u n t r e a t e d  -  no g ro w th .
2. „ „ t r e a t e d  Hopwaste compost -  g row th  f a i r ,
g r a d u a l ly  d e c r e a s in g .
3 . „ „ „ S tra w  compost -  g ro w th  f a i r ,
g r a d u a l ly  d e c r e a s in g .
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P a r a l l e l  s e r i e s  w i th  s o i l  from  p o t - c u l t u r e s  composted w i th  
Hopwaste and S tra w  compost r e s p e c t i v e l y  gave s i m i l a r  
r e s u l t s ,  on th e  whole th e  grow th  o f  B® bovi nus b e in g  
s l i g h t l y  b e t t e r  h e re  th a n  i n  th e  composted s o i l  from th e  
f i e l d ,  a r e s u l t  which i s  a p p a r e n t ly  due to  th e  b e t t e r  
l e a c h in g  o f  t h e  s o i l  i n  p o t s .
When m ix tu r e s  o f  s o i l  from th e  Wareham a re a  w i th  th e  
v a r io u s  composts were l e f t  f o r  o n ly  1 - 3  weeks and were  
th e n  in o c u la t e d  w ith  th e  fu n g u s , g ro w th  was p o o r e r  th a n  
in  th e  above e x p e r im e n ts .
7 .  MYC0RRHI2AL ASSOCIATIONS WITH PINUS SPP.
I n  o r d e r  to  study th e  s t r u c t u r a l  f e a t u r e s  o f  t h e  
m y c o r r h iz a l  a s s o c ia t io n  form ed by B. b o v in u s i n  Wareham 
s o i l ,  r o o ts  from  Scots  p in e  and C o rs ic a n  p in e  from  t h e  
f i e l d "  and a ls o  from  p o t - c u l t u r e s  w i th  t r a n s p o r t e d  s o i l  
from  th e  e x p e r im e n ta l  a re a  were exam ined a t  a l l  season s .
From o b s e r v a t io n s  s t r e t c h i n g  o v e r  a p e r io d  o f  s e v e r a l  
y e a r s ,  i t  app ears  t h a t  t h e r e  a re  two maxima o f  m y c o r r h iz a  
d e v e lo p m e n t, one o c c u r r in g  i n  th e  e a r l y  ^ r i n g ,  th e  o t h e r  
from  Septem ber to  l a t e  November. D u r in g  t h e  summer 
m onths, m y c o r r h iz a  fo rm a t io n  ta k e s  a ls o  p la c e  b u t  i s  n o t
PLATE V I
F i g . l :  C lu s te rs  o f  fo rk e d  
m ycorrhizas o f  C ors ican  p ine  
formed by B .bo v inu s ; from  
composted Eed , Wareham F o re s t  
N a t .  s i z e .
F i g . l a :  Forked m ycorrhizas  
from f i g . l ,  e n la rg e d .
X 8
F ig s .  2 and 0a:
. 'M e s s y ' m ycorrhizas o f  
C o rs ican  p ine  formed by  
B .b o v in u s ; from  Wareham 
e x p t l#  a re a .
F ig .  2a shows tu b e r  form ation^  
N a t .  s iz e #
F ig .2 F ig .2 a
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p r o fu s e .  R e p e a te d ly ,  th e  w r i t e r  has dug m y c o rrh iz a s  from  
f ro z e n  s o i l  and has used them f o r  i s o l a t i o n  o f  th e  fungus  
a s s o c ia te  ( c f .  T a b l e ! ) .
F o r  l a b o r a t o r y  e x a m in a t io n ,  whole ro o t  systems o r  
p ie c e s  o f  r o o ts  from  a s u r fa c e  l a y e r  o f  about 4 ” were washed 
i n  tap  w a te r ,  f i x e d  in  D o ak 's  s o lu t io n  (50^  -  a lc o h o l  
9 0 *0  Co c . , com mercial f o r m a l in  8 - 5  c. c . , a c e t ic  a c id  1 * 5  c . c . )  
and c u t  by hand. The s e c t io n s  were mounted in  1 a c t i c - p h e n o l , 
a method which e lu c id a te s  c l e a r l y  th e  m o rp h o lo g ic a l r e l a t i o n s .  
The d e s c r ip t io n  o f  th e  m y c o r r h iz a l  s t r u c t u r e  g iv e n  b e lo w ,  
a p p ly  to  t r a n s v e r s e  s e c t io n s .
I n  th e  s o i l  from Wareham F o r e s t ,  two ty p e s  o f  a s s o c ia t io n  
w ith  B_e__boyjj2 Jls can r e a d i l y  be d is t in g u is h e d  in  S co ts  and 
C o rs ic a n  p in e .  The ty p e  h e re  r e f e r r e d  to  as 'no rm al ' 
appears  in  h e a l t h y  s e e d l in g s  and t r e e s  grow ing in  t r e a t e d  
s o i l .  T h is  'n o rm a l ' ty p e  i s  re p re s e n te d  by s im p le  and  
fo r k e d  m y c o r rh iz a s ,  bo rn e  s in g ly  o r  in  c lu s t e r s ,  p a l e  to  
g o lden -b ro w n  in  c o lo u r  ( P l a t e  V I ,  f i g .  1 ) .  The o t h e r  t y p e ,  
named 'm a s s y ',  appears where s o i l  c o n d it io n s  a re  u n fa v o u r a b le  
and a c c o r d in g ly  th e  s e e d l in g s  n o t  v ig o ro u s . These m y c o rrh iz a s  
a re  a ls o  s i n g l e  o r  in  c l u s t e r s ,  te n d in g  to form  tu b e ro u s  
complexes ( P l a t e  V I ,  f i g .  2 ) .  They can be e a s i l y  r e c o g n iz e d  
w ith o u t  a le n s  by t h e i r  p in k is h -b r o w n  c o lo u r  and t h e  m y c e l ia l
PLATE V I I
F i g . l ;  T ra n s v e rs e  s e c t io n  o f  B o le tu s  bovinus  
m y c o r r h iz a ,  'n o rm a l*  t y p e ,  o f  Scots "pTne, 
fro m  Wareham s o i l  t r e a t e d  w i t h  compost*
X 165
F i g . 2 :  T ra n s v e rs e  s e c t io n  o f  B o le tu s  bovinus  
m y c o rrh iz a  o f  Scots  p in e ,  fro m  Wareham s o i l  
u n t r e a t e d ,  showing th e  'm essy' ty p e  o f  
s t r u c t u r e *
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in v e s tm e n t  around them which g iv e s  them m a c r o s c o p ic a l ly  
t h e  ' u n t i d y '  app earan ce  r e s p o n s ib le  f o r  th e  d e s ig n a t io n  
'm e s s y ' .  T h e re  a re  a number o f  in t e r m e d ia t e  s ta g e s  be tw een  
th e s e  two ty p e s ,  th e  more ' t i d y '  appearance  a lw ays  an 
i n d i c a t i o n  o f  b e t t e r  s o i l  c o n d i t io n .
M ic r o s c o p ic  e x a m in a t io n .
a. 'No^TOal' t y p e .  ( P l a t e  V IT ,  f i g .  1 ) .  W idth  o f  m a n t le  
betw een  10 and 30 u ,  w i th  smooth o u t e r  s u r fa c e .  F i la m e n t s  
o f  th e  m a n t le  f a i r l y  lo o s e l y  in te rw o v e n ;  m a n t le  o f  m ore  
o r  l e s s  pron ou nced  b r ic k -s h a p e d  s t r u c t u r e .  Few o c c a s io n a l  
hyphae r a d i a t i n g  from  t h e  m a n t le ;  i n  r a r e  cases th e y  show 
c l  a m p -c o n n e c t io n s .  G e n e r a l ly ,  th e  m ycelium  o f  B# b o v in u s  -  
p r o b a b ly  l i k e  o t h e r  m y c o r r h iz a - fo r m e r s  -  does n o t  show  
c la m p -c o n n e c t io n s  i n  th e  s ta g e  when fo rm in g  th e  m y c o r r h iz a l  
m a n t le .  The t y p i c a l  t a n n i n - l a y e r ,  o n e - c e l l e d  i n  d e p th ,  
i s  a lw ays  p r e s e n t  c o n s is t in g  o f  c e l l s  f i l l e d  w i t h  t a n n in  
and o f  a v a r y in g  number o f  empty c e l l s  w ith  th ic k e n e d  brown  
w a l l s .  'G r a n u l a r '  c e l l s  a re  e i t h e r  in c o r p o r a te d  i n  t h e  
t a n n in  l a y e r  o r  o c c u r  w i t h in  t h e  u n d e r ly in g  c e l l  l a y e r .
The H a r t i g  n e t  e x ten d s  th ro u g h o u t  t h e  e n t i r e  o u t e r  c o r t e x  
w ith o u t  r e a c h in g  th e  c e n t r a l  c y l i n d e r .  I n t r a c e l l u l a r  
i n f e c t i o n  o f  t h e  h a u s t o r i a l  ty p e  has n o t  been o b s e rv e d  i n
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m a t e r i a l  from  t h e  e x p e r im e n ta l  a re a .  O nly  in  v e ry  r a r e  
cases  was h a u s t o r i a l  i n f e c t i o n  d e t e c te d  in  r o o ts  from  p o t -  
e x p e r im e n ts  in  s o i l  from Wareham, and i t  may b e  assumed 
t h a t  th e  fun gu s  r e s p o n s ib le  f o r  t h i s  i n t r a c e l l u l a r  i n f e c t i o n  
has grown i n t o  th e  e x p e r im e n ta l  s o i l  by c o n ta c t  i n f e c t i o n .
b .  'M essy] t y p e . ( P l a t e  V I I ,  f i g .  2 ) .  A c o n s p icu o u s  
m y c e l i a l  in v e s tm e n t  i s  s u rro u n d e d  w ith  th e  r o o t s .  Th e  hyphae  
form  e x u d a te s  o f  brown c o lo u r ,  and a re  o f t e n  embedded i n  
a s h e a th  o f  th e s e  e x u d a te s  w hich a re  o f  o i l y  n a t u r e  ( c f .  
p .  21 ) .  The m a n t le  v a r i e s  i n  w id th  from 60 ^ -  300 
a d ja c e n t  m a n t le s  o f t e n  c o a le s c e  and th u s  fo rm in g  t u b e r -  
m y c o r r h iz a s .  M a n t le s  o f  s m a l le r  d ia m e te r  show a number  
o f  'm e s s y ' hyphae r a d i a t i n g  from  t h e  s u r fa c e .  C lam p-  
c o n n e c t io n s  have  n o t  been o b s e rv e d  h e r e .  The m arg in  o f  
th e  m a n t le  i s  rough and o f  brown c o lo u r ;  t h e  m a n t le  i t s e l f  
c o n s is ts  o f  r a t h e r  lo o s e ly -w o v e n  hyphae which run in  a 
d i r e c t i o n  t r a n s v e r s e  to  t h e  r o o t  a x is .  M a n t le s  o f  v e r y  
l a r g e  d ia m e te r  show a p s eud o p a re n chymatous s t r u c t u r e ,  t h e  
m arg in  i s  smooth, r a d i a t i n g  hyphae a re  n o t  f r e q u e n t .  No 
t r u e  t a n n in  l a y e r  has been o b s e rv e d , casual t a n n in  c e l l s  
o n ly  a re  p r e s e n t .  T h e re  i s  a lw ays  a conspicuous d is ­
i n t e g r a t i o n  o f  th e  1 - 2  o u t e r  c o r t i c a l  c e l l  l a y e r s  and i t  
i s  n o t  r a r e  to  f i n d  i s o l a t e d  c e l l s  embedded i n  th e  m a n t le .
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The H a r t i g  n e t  ex te n d s  i r r e g u l a r l y  th ro u g h o u t t h e  w hole  
c o r t e x .  A l l  c o r t i c a l  c e l l s  show more o r  l e s s  t h ic k e n e d  
w a l ls  and f r e q u e n t l y  have  g r a n u la r  c o n te n ts ,  h y a l i n e  o r  
brown i n  c o lo u r ,  o r  a re  f i l l e d  w i th  a p a le  to  d a rk -b ro w n  
s u b s ta n c e ,  t h e  i d e n t i t y  o f  which i s  unknown-
From e x a m in a t io n  o f  r o o t  m a t e r i a l  from o t h e r  a re a s  
th a n  t h e  e x p e r im e n ta l ,  i t  a p p e a rs  t h a t  g e n e r a l l y ,  where  
s o i l  c o n d i t io n s  a re  u n b a la n c e d  t h i s  d is tu r b a n c e  may b e  
i n d i c a t e d  by t h e  p a r t i c u l a r  s t r u c t u r e  o f  t h e  m y c o r r h iz a s  
h e r e  d e s c r ib e d  u n d e r  t h e  d e s ig n a t io n  'm assy*. I t  seems 
l i k e l y  t h a t  n o t  o n l y  a s s o c ia t io n s  fo rm ed  by th e  B o l e t i  
b u t  a ls o  m y c o r r h iz a s  fo rm ed by o t h e r  fu n g a l s p e c ie s ,  may 
r e f l e c t  s o i l  c o n d i t io n s  i n  a s i m i l a r  m o d i f i c a t io n  o f  
s t r u c t u r e .
8 . SUMM^Y
1 . The fu n g u s  B o le tu s  b o v in u s  has been i s o l a t e d  f ro m 's p o ro -  
p h o rs  and rh izo m o rp h s  o c c u r r in g  n a t u r a l l y  i n  t h e  e x p e r i ­
m e n ta l a re a ,  and from  m y c o r r h iz a s  o f  P in u s  spp. fo rm e d  
by i t s  a s s o c ia t io n .  I d e n t i t y  t e s t s  a p p l ie d  to  t h e  
i s o l a t e s  from  th e s e  s o u rc e s  have  shown p o s i t i v e  r e s u l t s
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2. C u l t u r a l  and m y c e l ia l  c h a r a c te r s  o f  th e  fu n g u s  a re  
d e s c r ib e d .  The E n g l is h  s t r a i n  o f  B* b o v in u s a g re e s  
in  a l l  im p o r ta n t  r e s p e c ts  w i th  t h a t  i s o l a t e d  in  Sweden 
by M e l i n .
3 . I n  t h e  n a t u r a l  s o i l ,  rh izo m o rp h s  appear to  r e p r e s e n t  a 
r e s t i n g  s ta g e  o f  th e  m yce liu m .
4 . E x p e r im e n ts  have  p ro v e d  t h a t  on a r t i f i c i a l  m ed ia
B^ . b o v in u s  does n o t  d i f f e r  from  th o s e  B o le t u s spp. f o r  
w hich d a ta  e x i s t  i n  i t s  r e a c t i o n  to  pH v a lu e s  and i t s  
u t i l i z a t i o n  o f  v a r io u s  s o u rc e s  o f  C, N, and P .
C e l l u l o s i c  m a t e r i a l  i s  n o t  a t ta c k e d  by t h e  fu n g u s  
i n  s y n t h e t i c  m ed ia .
5 .  Through " p a r t i a l  * s t e r i l i z a t i o n  (s te a m in g ) ,  h e a th  and  
woodland s o i l  i s  tu r n e d  i n t o  a f a v o u r a b le  medium f o r  
g ro w in g  l_t._bo_yinjis; auto  c l  a v in g  has p ro v e d  to  b e  n o t  
so e f f e c t i v e  as s te a m in g .
. 6 . A f t e r  s p e c ia l  t r e a t m e n t  c e r t a i n  o r g a n ic  composts h a v e  
p ro d u c e d  s a t i s f a c t o r y  g ro w th  o f  B. b o v in u s .
7 .  D e t a i l e d  d e s c r ip t io n s  a re  g iv e n  o f  th e  s t r u c t u r a l  f e a t u r e s  
o f  th e  m y c o r r h iz a l  a s s o c ia t io n s  form ed by t h e  fu n g u s  w i th  
S co ts  and C o rs ic a n  p i n e  i n  t h e  e x p e r im e n ta l  s o i l  a t  
Wareham F o r e s t .
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1 .  DISTRIB U TIO N
A d a rk  m yc e liu m  i d e n t i c a l  w i th  t h a t  d e s c r ib e d  by 
M e l in  ( 2 )  u n d e r  t h e  name o f  M y c e liu m  r a d i c i s  a t r o v i r e n s ,  
common i n  f o r e s t  s o i l s  i n  U .S .A .  and i n  Eu ro pe , has been  
r e p e a t e d l y  e x t r a c t e d  from  r o o t s  o f  v a r io u s  p i n e  s p e c ie s  
fro m  t h e  e x p e r im e n t a l  a re a  a t  Wareham.
H a tc h  ( 1 ) ,  l i k e  M e l i n ,  o b s e rv e d  t h a t  M. r . a t r o v i r ens  
i s  a v e r y  common s o i l  o rg a n is m , w id e ly  d i s t r i b u t e d  i n  a l l  
t y p e s  o f  f o r e s t  s o i l s .  The w r i t e r  c o n f irm s  t h i s  f a c t  f o r  
G r e a t  B r i t a i n  w here t h e  m yc e liu m  a s s o c ia te d  w i th  p i n e ,  f i r ,  
s p ru c e ,  l a r c h ,  a n d .b e e c h  r o o t s  i s  p r e s e n t  i n  a l l  w ood land  
and h e a th  s o i l s  exam ined h i t h e r t o .  I t  was fo u n d  in  s o i l s  
fro m  Wareham F o r e s t ,  t h e  New F o r e s t ,  Hope F o r e s t ,  from  t h e  
Y o r k s h i r e  M o o rs , e t c .
W h ile  i n f e c t i o n s  by M. r .  a t r o v i r e n s  o f  p i n e  and o t h e r  
t r e e  s p e c ie s  a r e  v e r y  common i n  w oodland s o i l s ,  t h e y  a r e  
v e r y  r a r e  i n  n u r s e r y  s o i l s .  When an e x a m in a t io n  o f  b e e c h  
r o o t  m a t e r i a l  fro m  23 n u r s e r i e s  b e lo n g in g  to  t h e  F o r e s t r y  
Commission o f  G r e a t  B r i t a i n  was c a r r i e d  o u t  i n  1 9 3 8 ,  a t t a c k  
by M. r .  a t r o v i r e n s  was o b s e rv e d  i n  m a t e r i a l  from  one n u r s e r y  
o n l y .  T h e re  was no t r a c e  o f  t h i s  p s e u d o m y c o r r h iz a - fo r m e r
PLATE I
M ycelium  r a d i c i s  a t r o v i r e n s  P . c o n t o r t a t 
C olony on f i l t e r  p a p e r  d ip p in g  i n t o  a
n u t r i e n t  s o l u t i o n .  2 w eeks.
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o t h e r
i n  any o f  t h e / n u r s e r y  s o i l s .  (Th e  e x p re s s io n  'p s e u d o -  
m y c o r r h iz a *  i s  u sed  h e re  f o r  a r o o t  a s s o c ia t io n  r e g u l a r l y  
fo rm e d  u n d e r  c e r t a i n  c o n d i t io n s  w ith  a s o i l  fungus and 
showing e v id e n c e  o f  p a r a s i t i s m  on p a r t  o f  t h e  f u n g u s . )
2 . ISOL ATION^AND GENERAL • CULTURAL REACTIONS
F o r  th e  p u rp o s e  o f  i s o l a t i o n ,  t h e  te c h n iq u e  d e s c r ib e d  
f o r  th e  e x t r a c t i o n  o f  B o le tu s  b o v in u s  from m y c o rrh iz a s  
( c f .  B o le tu s  b o v in u s ,  p .  8 ) was u s ed . E x t r a c t io n s  were  
c a r r i e d  o u t  a t  v a r io u s  seasons w i th  th e  same ease and were  
r e p e a te d  d u r in g  t h e  course  o f  th e  i n v e s t i g a t i o n  u s in g  
p s e u d o m y c o rrh iz a s  from  s e e d l in g s  and from  m a tu re  t r e e s .
A p p ro x im a te ly  one week a f t e r  p l a n t i n g ,  a r a p i d l y -  
g ro w in g  m ycelium  o f  g r e y is h  c o lo u r  emerges from  t h e  r o o t  
t i s s u e s  and shows v ig o ro u s  g ro w th  f o r  s e v e ra l  weeks. Sub-  
c u l t u r i n g  i s  due a f t e r  2 - 3  m onths. The fungus r e t a i n s  
i t s  v ig o u r  o f  g ro w th  on a r t i f i c i a l  m ed ia  f o r  s e v e r a l  y e a r s ;  
t h e r e  i s  no need f o r  change o f  ' d i e t *  ( c f .  BoJI^e^u^s 
p .  11 ) .  F o r  p h y s i o l o g i c a l  s t u d ie s ,  th e  m ycelium  was grown  
on f i l t e r p a p e r  p y ra m id s  d ip p in g  i n  l i q u i d  c u l t u r e  medium  
( P l a t e  I ) .  As s ta n d a rd  c u l t u r e  m ed ia  were used  2% m a l t  
a g a r ,  b e e r - w o r t  a g a r  ( c f .  Bo l e t u s b o v in u s , p .  10 ) and 
'g lu c o s e *  a g a r  ( c f .  B. b o v in u s .  p .  H  ) .
PLATE I I
Mycelium r a d ic is  a t ro v ir e n s
F ig s . 1 . 2 ^ 3 , 4 ; A i r  hyphae showing hyp ha l fu s io n s ,  c o i l s ,  and 
s p i r a ls  •' From 5 weeks o ld  c u l t u r e  on b e e rw o r t -a g a r  •
F i g , 5 : S u b s tra te  hyphae fo rm ing  c h la m id o sp o rae . From 2 months 
o l3  c u l t u r e  on m a l t - a g a r .
F i g , 6 ; A i r  hyphae w i th  s e c r e t io n s .  From 2 months o ld  c u l t u r e ,
A l l  drav/ings were made from  l i v i n g  m a t e r ia l  u s in g  a 
L e i t z  camera lu c i d a .  x 460 .
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3 . MYCELIAL CHARACTERS
On th e  common c u l t u r e  m ed ia , th e  a i r  hyphae o f  
M yc e liu m  r a d i c i s  a t r o v i re n s  P . s i l v e s t r i e *  show l u x u r i a n t  
d e v e lo p m e n t. The young c o lo n ie s  a re  l i g h t - g r e y  to  g re e n  
i n  c o lo u r ,  l a t e r  d a rk  brown and b la c k .  The a i r  hyphae  
a re  r e g u l a r l y  s e p t  a t  ed; t h e i r  d ia m e te r  ranges betw een
1 - 3  t h e  a v e ra g e  le n g th  o f  t h e  c e l l s  (grown on b e e r - w o r t  
a g a r )  i s  40 f i .  No c l  a m p -c o n n e c tio n s  have been o b s e rv e d .  
H yphal f u s io n s ,  c o i l s  and s p i r a l s  ( P l a t e  I I )  a re  f r e q u e n t l y  
fo rm ed . The s u b s t r a t e  hyphae a re  d i f f e r e n t i a t e d  i n t o  
'L a n g -  * and 'K u rz h y p h e n ' ( 2 ) ,  t h e  fo r m e r  3" 5 - 4  ^  in  d ia m e te r ,  
w ith  t h i n  w a l ls  and f r e q u e n t l y  fo rm in g  s p i r a l s ;  t h e  l a t t e r  
1* 5 - 2 '  5 \x p ro d u c in g  c h la m id o s p o ra e  w hich -  e s p e c i a l l y  on 
p o o r  m ed ia  -  d e ve lo p  i n t o  s c l e r o t i a  ( P l a t e  I I ) .  H y p h a l  
s t r a n d s  a re  fo rm ed by b o th  a i r  and s u b s t r a te  hyphae. Th ese  
s t r a n d s  a re  a ls o  f r e q u e n t  i n  t h e  n a t u r a l  s o i l s .  The  
s t ra n d s  v a r y  i n  d ia m e te r ,  t h e  a v e ra g e  b e in g  2 0 -3 5  fji, 
e x tre m e  cases  250 f i .  On c u l t u r e  m ed ia  more o r  l e s s  
e x h a u s te d ,  t h e  s t ra n d s  a re  v e ry  dark  i n  c o lo u r  and b r i t t l e .
V
They r e p r e s e n t  b i g  amorphous s c l e r o t i a  n o t ic e a b le  w i th o u t  
a l e n s .  They c o n s is t  o f  c lo s e ly - p a c k e d  dark brown h y p h a e ,
f r e q u e n t l y  s e p t a te d ,  w ith  t h i c k  c e l l  w a l ls .  When s u b c u l t u r e d ,
* The mycelia here under observation, were designated according to Melin as 
Mycelium radicis atrovirens with addition of the generic euid species name of 
the vascular plant from which the mycelia in  question were extracted.
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even from  1 0 - 1 2  months o l d  c o lo n ie s ,  th e y  'g e r m in a te *  
r e a d i l y .  H yphal s t ra n d s  o f  l a r g e  d ia m e te r  have  n o t  been  
o b s e rv e d  i n  th e  f i e l d .  I t  app ears  a ls o  t h a t  fo r m a t io n  
o f  c o i l s  and s p i r a l s  i s  l e s s  abundant i n  th e  n a t u r a l  s o i l  
th an  on a r t i f i c i a l  c u l t u r e  m ed ia .
4, FORMS AND STRAINS
Forms
M e l in  ( 2 )  d is t in g u is h e s  two form s o f  ^ e e l i u m  r a d i c i s  
a t r o y i r ens , a and p, a p p a r e n t ly  i d e n t i c a l  o r  s i m i l a r  f o r  
p in e  and s p ru c e . The p form  d i f f e r s  from t h e  a form  in  
th e  f o l l o w i n g  r e s p e c t s : -  1 .  I t  changes th e  c o lo u r  o f  th e  
common c u l t u r e  m ed ia  to  re d d is h -b ro w n .  2, I t  does n o t  
form  s c l e r o t i a .  M e l in  h o ld s  t h a t  o n ly  th e  a fo rm  i s  a 
c e l l u l o s e  d e s t r o y e r .  He b e l i e v e s  b o th  forms to  b e lo n g  
to  t h e  ascom ycetes . I n  one s p e c ia l  case, i n  a s y n t h e t i c  
c u l t u r e  w i th  sp ru c e  and M. r .  at r o v i r e ns p , he succeeded in  
o b t a i n i n g  p e r i t e c i a  b e lo n g in g  to  Cha e tomium Kunzeanum.
The a form  i s  v e ry  common, and in  Sweden (2 )  t h e  p fo rm  
seems a ls o  to  b e  w id e ly  d i s t r i b u t e d .  I n  t h i s  c o u n try  t h e  
w r i t e r  has n o t  y e t  met th e  P fo rm . O n ly  on one o c c a s io n  
i t  was i s o l a t e d  h e re  from  S i t k a  s p ru c e  grown i n  s o i l  from  a
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S i t k a  s p ru ce  s ta n d  from V ancouver I s l a n d .  T h is  m ycelium  
i s  a v a i l a b l e  in  p u re  c u l t u r e  M \ t ) .  I t  ag re e s  w i th
M e l in  *3 p fo rm .
A d a r k -c o lo u r e d  m ycelium  has been r e p e a te d ly  i s o l a t e d  
from  S co ts  p in e  s e e d l in g s  in  a h u m u & -in o c u la te d  seedbed  
a t  t h e  Wareham e x p e r im e n ta l  a re a  ( P l a t e  I V ) .
I t  does n o t  ag re e  w ith  a l l  th e  c h a r a c t e r i s t i c  f e a t u r e s  
o f  M. r .  at r o v i r e n s  as d e s c r ib e d ,  b u t  i s  more s i m i l a r  to  t h i s  
fun gu s  th a n  to  any o t h e r  d ark  r o o t  m ycelium  h i t h e r t o  
o b s e rv e d . D u l l e r ' s t e s t  has g iv e n  d o u b t fu l  r e s u l t s  so 
f a r .  The m ycelium  has been grouped  p r o v i s i o n a l l y  w i th  
M t.r^atrqvi_ren.s  and named M yce liu m  r a d i c i s  a t r o v i r e n s  i .
I t  has been e x t r a c t e d  from  S c o ts  p in e  o n ly .
The r o o t l e t s  from  which i t  was i s o l a t e d  were b la c k  in  
c o lo u r ,  s m a ll  i n  d ia m e te r  and t a p e r in g  tow ard s  t h e  t i p .
They had th e  t y p i c a l  appearance  o f  p s e u d o m y c o rrh iz a s .
T h e re  i s  no d i f f i c u l t y  i n  i s o l a t i n g  t h i s  m yce liu m ,  
as i s  t h e  case in  th e  re c o g n iz e d  s t r a i n s  o f  M. r .  a t r o v i r e n s  
and in  c o n t r a s t  w i th  R h iz o c t o n ia  spp. The fungus grows  
w e l l  on t h e  common c u l t u r e  m ed ia  w i th o u t  changing th e  
c o lo u r  o f  th e  s u b s t r a t e .  The r a t e  o f  growth i s  s i m i l a r  
to  t h a t  o f  M. r .  a t r o y i r ens . The c o lo n ie s  a re  g r e y is h ,
com pact, c r u s t y ,  s l i g h t l y  ' p l e a t e d ' ,  r e m in is c e n t  o f  a l i c h e n e s  
t h a l l u s .  The m arg in  o f  t h e  c o lo n y  i s  s c a ly ,  and o f  a
i :
PLATE IV
À'r.- \ L^ ''V
m
m
M ycélium  r a d i c i s  a t r o v i r e n s  x :  
Colony on f i l t e r  p ap er  d ip p in g  
In t o  b e e rw o r t ;  1 month# ^  f • J
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l i g h t  g re y  c o lo u r .  C o lo n ie s  o f  medium age exude d r o p l e t s  
h y a l i n e  to  y e l lo w is h -b r o w n  in  c o lo u r ,  p a r t l y  o i l y  i n  n a t u r e .  
O ld  c o lo n ie s  a re  brown to  b la c k  i n  c o lo u r .  The h y p h a e ,
2 - 3  fj, i n  d ia m e te r *  form  s t r a n d s  o f  about 10 u d ia m e te r ;  
c o i l s  and s p i r a l s ,  f r e q u e n t  f e a t u r e s  o f  M . r .  a t r o v i r e n s  and 
Rhi z o c t o n ia ,  a re  v e ry  r a r e .  L i k e  t h e  s t r a i n s  o f  M# r .  a t r o -  
vd^ren_s re c o rd e d ,  t h e  s u b s t r a t e  hyphae form c h a in s  o f  
c h ia m id o s p o re s ,  h y a l in e  to  b ro w n is h  i n  c o lo u r .  T ru e  
s c l e r o t i a  have n o t  been o b s e rv e d . On a number o f  c u l t u r e  
m e d ia , s u b s t r a t e  and a e r i a l  hyphae show s e c r e t io n s  w hich  
c o n s is t  o f  masses o f  g r a n u le s .  These a re  h y a l i n e ,  l i g h t -  
brown o r  d a rk -b ro w n . They a re  fou nd  in  g r e a t e r  abundance  
on c u l t u r e s  o f  M# r ,  a t r o v i r e n s  th a n  on c u l t u r e s  o f  any 
o t h e r  d a rk  r o o t  f u n g i  h i t h e r t o  exam ined.
St^raiU^s.
The s t r a i n s  o f  d e a l t  w ith  in  t h i s  p a p e r
and now a v a i l a b l e  in  p u re  c u l t u r e  (T a b le  I ) ,  were e x t r a c t e d  
from  s e e d l in g s  o f  spp* from  Wareham F o r e s t  and fro m
p o t - c u l t u r e s  w i th  t r a n s p o r t e d  s o i l  from  t h i s  a re a .  They  
d e r i v e  from  th e  f o l l o w i n g  h o s t  p la n t s :  P . s i l v e s t r i s ,
P .  n i g r a ,  P .  s t r o b u s ,  and P* c o n t o r t  a.
PLATE V
Mycelium r a d ic is  a t r o v i r e n s  P . s t ro b u s : 
Colony on b e e r w o r t -a g a r ;  1 month# 
N a tu r a l  s i z e .
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TABLE I
Data concerning strains of Mycelium radicis atrovirens isolated from Pinus 
spp. growing at Wareham Forest. (Cultures on beer-wort agar).
Host
Diameter \ 
growth i Type of 
of colony; colony 
3 weeks ! 
old 1
Colour of hyphae Diameter of 
air-hypnae
young j medium old
Scots pine
\
5 cm. j a e ria l
i
j
grey-green;dark brown 
1 to black
dark brown 
to black
2-3 ^
Corsican
pine
1
2*5 cm. 1 velvety, 
1 compact
!
grey-green|dark green 
1 to black
dark green 
to black
1-3 n
VJhite pine ! ^4 cm. a e r ia l,
feathery
1
grey j grey to 
1 brown
dark grey 
to brown
2-3 pi
Lodgepole 
pine
3*5 cm. ve lvety,
compact
grey-green jdark green 
1 to black
dark green 
to black
2-3 n •
The s t r a i n s  e x t r a c t e d  from  th e s e  spec ies  o f  p in e  a re  
s i m i l a r  w i th  re g a rd  to  a number o f  m o rp h o lo g ic a l and c y t o -  
l o g i c a l  d e t a i l s  and have y i e l d e d  p o s i t i v e  r e s u l t s  u s in g  
D u l l e r * s  t e s t  f o r  i d e n t i c a l  o r  r e l a t e d  m y c e l ia .  They  
d i f f e r  in  r e s p e c t  to  th e  ty p e  o f  co lo ny  formed on s y n t h e t ic  
m ed ia , e . g .  th e y  form  'v e l v e t y *  c o lo n ie s  in  th e  case o f  
th e  m ycelium  e x t r a c t e d  from C o rs ic a n  p in e ;  ' f e a t h e r y '  
c o lo n ie s  in  th e  case o f  M«r .  a t r o v i r e n s  P . s tro b u s  ( c f .  
T a b le  I  and P l a t e  V ) .  A l l  s t r a i n s  form  hyphal s t ra n d s  
as d e s c r ib e d .  They a re  more abundant and o f  w id e r
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d ia m e te r  in  e x t r a c t io n s  from Scots  p in e  and W hite  p in e  th a n  
i n  th o s e  from  C o rs ic a n  p in e  and P_* con to  r t a .  The s t r a i n s  
o f  M ç_r^atrqv^rens e x t r a c te d  from  ^lnu_s^ spec ies  from th e  
e x p e r im e n ta l  a re a  and from  o t h e r  d i s t r i c t s  have been 
compared w i th  M. r .  a t r o v i r e n s  P . s i l v e s t r i s  from Sweden 
( k in d ly  s u p p l ie d  by P r o fe s s o r  E. M e l i n ) ,  a lso  w ith  M._r^ 
^ V i r e n s  i s o l a t e d  from S i t k a  Spruce and Norway spruce  
i n  t h i s  c o u n try .  They a re  a l l  s i m i l a r  in  re s p e c t  to  th e  
c h a r a c t e r i s t i c  f e a t u r e s  as d e s c r ib e d .
5 . GROWTH ON J^EmMUS*
R epeated  a tte m p ts  have been made to  grow th e  m ycelium  
o f  M._r .  a t r o v i  ens on o r g a n ic  s o i l .  The r e s u l t  was n e g a t iv e  
i n  a l l  cases where th e  s o i l  was n o t ' t r e a t e d * .  S team ing  
and o t h e r  form s o f  p a r t i a l  s t e r i l i z a t i o n ;  e .g .  w i th  t o l u o l ,  
e t h e r  o r  f o r m a l in ,  c o n v e rt  th e  s o i l  i n t o  a s a t i s f a c t o r y  
c u l t u r e  medium. C f.  T a b le  IT  f o r  th e  v ig o u r  o f  g row th  
on 3 s o i l s  o f  s i m i l a r  g e o T o g ic a l o r i g i n ,  one from  th e  
p o o r  h e a th la n d  a t  Wareham, one from  a stand o f  p in e  in  
S u rre y ,  on s o i l  c a r r y in g  C a l lu n a  h e a th ,  and one from th e  
New F o r e s t ,  s u p p o rt in g  woodland.
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Tay^eJL I
\
Growth o f  M2_r^atrqv i_reqs m y c e l ia  on s o i ls  from .va r io u s  
l o c a l i t i e s ;  S o i ls  were steamed once f o r  20 m in u te s .
QL?lS.§LUi,sm Wareham_soil S urrev  s o il New F o re s t s o i l
P ^ s ^ _ v e s t ^ s  + + + 4" + + + +
^ + + + '
ft ft s t ro b u s  + + + + +
c o n to r t a  + + +
+ growth f a i r
+ V „ good
+ + + „ v e ry  good
The modus o f  hyphal grow th i n  th e  s o i l  c u l tu r e s  i s  in  some 
d e t a i l s  d i f f e r e n t  from t h a t  on s y n t h e t ic  m ed ia . On t h e  
steamed s o i l ,  th e  mycelium form s hyphal s tra n d s  v e ry  r a r e l y  
and th e  in c id e n c e  o f  th e  t y p i c a l  s p i r a l s  and c o i l s  i s  
g r e a t l y  red u ced . Hyphal fu s io n s  a re  formed f r e e l y *
A
6 .  FOmATION OF PSEUDOMYCORRHIZAS
, M ic ro s c o p ic  e x a m in a tio n  o f  s o i l  samples from s tan d s  
o f  p in e  and o t h e r  c o n i fe r s  commonly show frag m en ts  o f  d a rk  
b ro w n -c o lo u re d  hyphae o f  M j . a t  ro y i  r  en s among th e  s o i l  
p a r t i c l e s  and connected  w ith  th e  c o n ta in e d  decay in g  o r g a n ic
'V v -
& .... S -
PLATE V I
?;
Pseudomycorrhizas o f  Scots p in e  formed by
Mycelium r a d ic is  a t ro v ire n s  oc; from e x p t l *
area  a t  Wareham F o re s t*  N a t *S iz e *
Note p r im a r y *a t ta c k  on sim ple s h o rt  roo ts  
and secondary a t ta c k  on preformed fo rk e d  
m yc o rrh iza s .
m
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m a t e r i a l .  I n  such samples, th e  r o o ts  are  u s u a l ly  more 
o r  l e s s  i n f e c t e d  by th e  m ycelium  which forms v e ry  c h a r a c t e r i s ­
t i c  pseu d o m y c o rrh iza s  ( P l a t e  V I ) .  They are  e a s i l y  i d e n t i ­
f i e d ,  f r e q u e n t l y  by t h e i r  m acrosco p ic  c h a r a c te r s .  They  
d i f f e r  from  th e  o t h e r  two ty p e s  o f  a s s o c ia t io n s  w ith  d a r k -  
c o lo u re d  m y c e l ia  h i t h e r t o  e n co u n te red  (one form ed by 
M Z Ç eU .m _Ç .ad lc is  j i t a r o s t p ^ ^  th e  o t h e r  by R h iz o c to nie,
s p . )  i n  r e s p e c t  to  th e  f o l lo w in g  fe a t u r e s !  P s e u d o m y c o rrh iza s  
form ed by M. r .  a t r o v i r e n s  a re  s le n d e r ,  sometimes t h r e a d l i k e ,  
f r e q u e n t l y  t a p e r in g  tow ards th e  t i p ,  and o f t e n  s l i g h t l y  
'b e a d e d ' .  They do no t show th e  s t i f f l y  p r o j e c t i n g  hyphae  
c h a r a c t e r i s t i c  o f  M,_r . n 1 R ro^stri^gosum m y c o rrh iz a s ,  n o r  do 
th e y  have t h e  * w o o lly  * appearance  by which p s e u d o m y c o rrh iza s  
form ed by R j^z^ctq^ j^a  a re  r e a d i l y  re c o g n iz e d . The d ia m e te r  
o f  th o s e  form ed by M ^ j r ^ a t^ j^ r e ^ s  i s  l e s s  than  th o s e  o f  any 
o t h e r  example o f  p s e u d o m yco rrh izas  ob served  o r  o f  any t r u e  
m y c o rrh iz a  o f  com parable age. E xam ination  o f  th e  a t ta c k e d  
sh o rt"  ro o ts  shows g r e a t  v a r i a t i o n  w ith  re g a rd  to  l o c a l i z a ­
t io n  and s ta g e s  o f  i n f e c t i o n .  B la c k  t ip s ,  b la c k  r e g io n s ,  
o r  r o o t l e t s  e n t i r e l y  b la c k  may be observed . I n  a l l ,  th e  
ty p e  o r  s ta g e  o f  i n f e c t i o n ,  as seen in  s e c t io n ,  may be  
s i m i l a r .
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I t  appears  t h a t  th e  m ycelium  o f  M, r .  a t r o v i r e n s  i s  
c a p a b le  o f  a t t a c k in g  th e  r o o ts  d i r e c t l y  as w e l l  as a t t a c k in g  
p r e - e x i s t i n g  t r u e  m y c o rrh iz a s .
The p r im a r y  mode o f  a t t a c k  was s tu d ie d  in  a s e r ie s  o f  
p o t - c u l t u r e s  i n  which Scots  p in e  s e e d l in g s  were grown, i n  
sand. These p o t -e x p e r im e n ts  were c a r r ie d  o u t  un der
r e l a t i v e l y  s t e r i l e  c o n d it io n s :  P o ts  and sand were steamed
o
3 t im e s  a t  100 C, p lu n g ed  in  g r a v e l  th o ro u g h ly  washed w ith  
p o tas s iu m  perm anganate  and sown w ith  seed sup e r f  i  c a l l y  
s t e r i l i z e d — F o u r  weeks from  sowing, a t  th e  end o f  May 1 9 4 1 ,  
th e s e  p o ts  were in o c u la t e d  w ith  m ycelium  o f  M ^ r^ a t^ v d ^ re n s  
from  a p u re  c u l t u r e  and examined a t  m onth ly  i n t e r v a l s  f o r  
about 15 m onths. I n  Septem ber a l l  p o ts  showed few a t t a c k s  
by M ^r^& trqv:^rens . The p r o p o r t io n  o f  ro o ts  a t ta c k e d  d id  
n o t  in c r e a s e  d u r in g  th e  t im e  u n d e r  i n v e s t i g a t i o n .  The  
m a t e r i a l  from th e  above c u l t u r e s  i n  common w ith  r o o t  samples  
o f  S co ts  p in e  and o t h e r  p in e  s p e c ie s  examined from v a r io u s  
l o c a l i t i e s  e x h i b i t  th e  f o l lo w in g  s ta g e s  o f  i n f e c t i o n ,  each 
c h a r a c t e r i s t i c  s ta g e  s e p a r a te ly  o r  combined w i th  one o r  
more o f  th e  o th e r s :
1 .  I n t e r c e l l u l a r  i n f e c t i o n :  Dark brown to  b la c k  m ycelium
o f  T ^ ^^a trq v j^ ren s  p a s s in g  in  o r  th ro u g h o u t t h e  c o r t i c a l
PLATE V I I
K
P i g * l :  S c l e r o t i a  and i n t e r c e l l u l a r  n e t  in  c o r te x
o f  s h o rt  r o o t  o f  Scots p in e  formed by
M * r .a t r o v i r e n s  ( t r a n s v e r s e  s e c t io n )#  A 400
F i g . 2 :  T ransverse  s e c t io n  o f  pseudom ycorrhiza  
o f  Scots p in e  form ed by M . r . a t r o v i r e n s .
X 230
45
t is s u e s ;  t h e  hyphae te n d in g  to  become h y a l i n e ,  
s p e c i a l l y  i n  th e  i n n e r  p a r t  o f  th e  c o r te x .
2. I n t r a c e l l u l a r  i n f e c t i o n :  M yce lium  o f  M. r .  a t r o v i r e n s
g ro w in g  w i t h in  th e  c e l l  lumen a, o f t e n  e x h i b i t i n g  p ro ­
nounced h a u s t o r ia .  C o lo u r  o f  th e  m ycelium  s i m i l a r  
to  t h a t  d e s c r ib e d  in  ( 1 ) .
3 . Fq im ia tipn  o f  s c l e r o t i a  ( P I .  V I I ,  f i g . l ) :  The i n t r a ­
c e l l u l a r  hyphae s w e ll  to  a d ia m e te r  o f  6 - 8  n ,  become  
d a rk  brown to  b la c k  i n  c o lo u r  and become a s s o c ia te d  t o  
form  d e f i n i t e  s c l e r o t i a .  They have n e v e r  been o b s e rv e d  
on t h e  s u r fa c e  o f  th e  r o o t  ( i n  c o n t r a s t  w i th  s c l e r o t i a  
fo rm ed  by Rhi z o c to n ia  s i l v e s t r i s ) .  They may b e
d i s t r i b u t e d  th ro u g h o u t  th e  c o r t e x ,  in  c e l l s  o f  t h e  
»
end od erm is , and in  r a r e  cases w i t h in  th e  c e n t r a l  
c y l i n d e r .
4 .  F o TO ation  o f  * m a n t le *  ( P I .  V I I ,  f i g .  2 ) :  M yce liu m  o f  
M. r .  a t r o v i r e n s  form s a com pact, c ru s ty  sh e a th  around  
t h e  c o r t e x  c o n s is t in g  o f  on e , two, o r  more l a y e r s  o f  
hyphae, th e  whole 'm a n t le *  h a v in g  a w id th  o f  1 0 -4 0  |ji.
The hyphae a re  c lo s e ly  in te rw o v e n  and run i n  a l o n g i -  
t u d i n a l  d i  r e c t i o n .
5 . Ffqrm a t  ip  n o f  i  n t  e r  c el^^ul^a^^ ( P I .  V I I ,  f i g .  2 ) :
T h is  i s  e i t h e r  o f  dark  brown c o lo u r  o r  h y a l i n e ,  a lw ays
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i r r e g u l a r  i n  d e p th . The h y a l i n e  n e t  i s  e a s i l y  d is ­
t in g u is h e d  from  th e  h y a l i n e  n e t  o f  a t r u e  m y c o r r h iz a  
fo r m e r  by i t s  p e c u l i a r  s t r u c t u r e  which i s  n o t  w e l l  
o u t l i n e d  and n o t  c l e a r l y  d e f in e d .  The c o n d i t io n s  
t h a t  d e te rm in e  th e  c o lo u r  o f  t h e  'n e t *  a re  a t  p r e s e n t  
u n d e r  i n v e s t i g a t i o n .
Absence o r  r e d u c t io n  in  number o f  r o o t  h a i r s  i s  g e n e r a l l y  
c o n n e c te d  w i th  i n f e c t i o n s  by M. r .  a t r o v i r e n s .
C o m p a ra tiv e  s tu d y  o f  th e  r o o t  t is s u e s  i n  m y c o r r h iz a s  
and p s e u d o m y c o rrh iz a s  form ed by M._r*_atgpyj r e ns have  shown 
t h a t  th e  c o r t i c a l  t is s u e s  o f  t h e  l a t t e r  a re  g e n e r a l l y  d a rk ,  
com pressed, w i th  th ic k e n e d  c e l l  w a l ls .  I t  appears  t h a t  
th e  c e l l  lumen i s  c o n s id e r a b ly  red u ced , s p e c i a l l y  in  t h e  
case o f  i n t r a c e l l u l a r  i n f e c t i o n ,  w i th  l i t t l e  c o n te n t .
A pron ou nced  ta n n in  l a y e r  i s  r a r e l y  en c o u n te re d .
(P I*  V I Ï C )
W h ile  t h e r e  i s  l i t t l e  d i f f i c u l t y  in  r e c o g n iz in g  pseudo­
m y c o r rh iz a s  fo rm ed by p r im a r y  a t t a c k  o f  M. r . a t r o v i r e ns on 
young r o o t s ,  a t t a c k s  on p r e - e x i s t i n g  m y c o rrh iz a s  -  a 
c o m b in a tio n  q u i t e  common i n  n a t u r e  -  cannot a lw ays  be  
i d e n t i f i e d  w i th  t h e  same ease .
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The m ycelium  o f  ' th e  p s e u d o m y c o rrh ix a l c o n s t i t u e n t  
fo rm s a secon dary  sheath  on a p r e - e x i s t i n g  m a n t le  b u i l t  
by th e  m y c o r r h iz a l  a s s o c ia te .  The p r im a ry  m a n t le  i s  
g r a d u a l l y  absorbed a c c o rd in g  to  t h e  degree  and s ta g e  o f  
th e  a t t a c k  by M. r .  a t r o v i r e n s .
I n  th e  case o f  a m ixed  i n f e c t i o n  formed by B p le '^ s  sp. 
and M ^ r ^ a t r q v l ^ ^ s ,  th e  a n a ly s is  i s  re n d e re d  c o m p a r a t iv e ly  
e asy , n o t  b e c au se  o f  th e  c o lo u r  c o n t r a s t  o f  th e  two m a n t le s  
i n  q u e s t io n  (a s  th e  m ycelium  o f  M.^r. a t g c v l r e n s te n d s  t o  
become p a l e  to  h y a l i n e  when g ro w in g  i n  c lo s e  c o n ta c t  w i th  
t h e  t is s u e s  o f  th e  h o s t )  b u t  i n  r e s p e c t  to  d i f f e r e n c e  in  
s t r u c t u r a l  " f e a t u r e s .  The m a n t le  o f  th e  B o le tu s  m y c o r r h iz a  
i s  spongy i n  s t r u c t u r e  c o n s is t in g  o f  e i t h e r  f i n e  o r  b r i c k ­
shaped ' c e l l s * ,  w h i le  t h a t  fo rm ed by M. r .  a t r o v i r e n s  i s  more  
com pact, th e  * c e l l s *  c o n s t i t u t i n g  th e  m a n t le  re s e m b lin g  
th o s e  o f  th e  f r e e  m ycelium  o u t s id e  th e  a s s o c ia t io n .  I n  
cases where th e  m a n t le  fo rm ed by th e  t r u e  my c o r r h i z a - f o  rm er  
i s  e n t i r e l y  absorbed by th e  superim posed pseudomy c o r r h i z a -  
fo  rm er, th e  a n a ly s is  i s  more d i f f i c u l t ,  th e  s t r u c t u r e  o f  
th e  n e t  n o t  a lw ays  b e in g  a s a fe  d ia g n o s t ic  f e a t u r e .
The p re s e n c e  o f  b o th ,  M ._r ._ni ^  ro s t  r i  go sum th e  j e t - b l a c k  
my c o r r h i z a - f o  rm er, and o f  M ^ r ^ a t r q v i^ r ^ s  in  th e  same 
a s s o c ia t io n  i s  d i f f i c u l t  to d i s t i n g u i s h  a lth o u g h  i t  may
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be sometimes i n f e r r e d  from  th e  p re s e n c e  o f  b o th  fu n g i  i n  
c o n n e c t io n  w i th  th e  m a n t le  t h a t  b o th  m y c e l ia  a re  in v o lv e d  
in  th e  a s s o c ia t io n .  On t u b e r  m y c o rrh iz a s ,  a t ta c k s  o f
have h a r d ly  been o b s e rv e d .
The c u l t u r a l  e x p e r im e n ts  o f  M e l in  ( 2 )  show a p ronounced  
d e l e t e r i o u s  e f f e c t  o f  th e  m yce liu m . M e l in  g iv e s  a d e t a i l e d  
d e s c r ip t io n  o f  th e  ty p e  o f  i n f e c t i o n  produced by th e  fu n g u s  
i n  th e s e  s y n t h e t ic  c u l t u r e s :  i n f e c t i o n  o f  r o o t s ,  hypo-  
c o ty le d o n ,  and n e e d le s .  He h o ld s  t h a t  ( in  n a t u r e  as w e l l  
as i n  c u l t u r e )  th e  a t ta c k  s t a r t s  from  th e  you ng er p a r t s  
o f  th e  lo n g  r o o t s  by hyphae g row in g  w i th in  t h e  r o o t  h a i r s ,  
and t h a t  th e  i n f e c t i o n  s p read s  from  t h e r e  i n t o  t h e  s h o r t  
r o o t s .
W ith  r e g a rd  to  th e  p a t h o g e n ic i t y  o f  M. r .  a t r o v i r e n s  to  
s e e d l in g s  and young t r e e s  o f  PijELU_s s p p . ,  and p ro b a b ly  a ls o  
to  th o s e  o f  o t h e r  g e n e ra , th e  p r e s e n t  s t a t e  o f  know ledge  
can be sum marized as f o l l o w s : -  I n  cases vihere t h e  s h o r t  
r o o t s  a re  t ra n s fo rm e d  d i r e c t l y  i n t o  p s e u d o m y c o rrh iza s ,  
th e  h e a l t h  and v ig o u r  o f  th e  a t ta c k e d  h o s t i s  c o r r e s p o n d in g ly  
i n f l u e n c e d .  The p l a n t  te n d s  to  be s m a l le r  in  s i z e  and 
c h l o r o t i c  in  c o lo u r .  T h is  i s  a common phenomenon, 
f r e q u e n t l y  o b s e rv e d  in  n a t u r a l  s e e d l in g s  as w e l l  as in
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p l a n t s  from  e x p e r im e n ta l  p o t - c u l t u r e s .  Casual i n f e c t i o n  
by M ^ r._ a .tro v ire n s  has no e f f e c t  on grow th  and v ig o u r ;  i t  
i s  th e  p.ro££.?lt.l21L o f  p s e u d o m y c o rrh iza s  to  t r u e  m y c o r rh iz a s  
t h a t  i s  s i g n i f i c a n t  to  g e n e ra l  h e a l t h .  U nder c e r t a i n  
s o i l  c o n d i t io n s ,  e . g .  a t  War eh am F o r e s t ,  where my c o r r h i  za l  
deve lopm ent i s  d e f e c t i v e ,  th e  re p la c e m e n t  o f  even a s m a ll  
p r o p o r t io n  o f  n o n -m y c o rrh i z a l  s h o r t  r o o ts  by pseudo­
my c o r r h i  zas may le a d  to e f f e c t s  f a t a l  to  th e  h o s t ,  w h i le  
th e  p re s e n c e  o f  M. r ,  a t r o v i r e n s  a t t a c k s  on r o o t  s y s t eus 
w e l l  f u r n is h e d  w i th  normal my c o r r h i  zas; e .g .  in  s e e d l in g s  
from  t h e  Wareham a re a  t h a t  has r e c e iv e d  compost t r e a t m e n t ,  
does n o t  ap p e a r  to  a f f e c t  th e  h e a l t h  o f  th e  p l a n t s .
7 .  SUMMARY
1 . A d a rk  s o i l  fu n g u s , named by M el i n  I^ c e l iu m  r a d i c l s  
a t r o v i r e n s .  i s  w id e ly  d i s t r i b u t e d  in  h e a th  and woodland  
s o i l s  o f  t h i s  c o u n try .
2. I t  has been i s o l a t e d  from  v a r io u s  s p e c ie s  o f  p in e  and
s p ru c e .
3 . O n ly  th e  a form  o f  Mt_r:_&tro_vi^rMS appears to  be  common 
i n  G re a t  B r i t a i n .
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4 . A dark  m ycelium  v e ry  s i m i l a r  to  th e  a form o f
M ^ r . a t  TO V i r  er^s, e x t r a c t e d  from  S cots  p in e ,  i s  d e s c r ib e d .
5 . S t r a i n s  i s o l a t e d  from v a r io u s  s p e c ie s  o f  p in e  a re  
compared.
6 .  Steamed ‘ humus’ p r o v id e s  a s a t i s f a c t o r y  medium f o r  t h e  
gro w th  o f  t h e  s t r a i n s  o f  M. r .  a t r o v i r e n s  u n d e r  o b s e r v a t io n
7 .  A d e t a i l e d  d e s c r ip t io n  i s  g iv e n  o f  pseudomy c o r r h i  zas o f  
v a r io u s  ty p e s  and s ta g e s  form ed by M. r .  a t r o v i r e n s  w i th  
p in e  r o o t s .
8 .  The p a t h o g e n i c i t y  o f  to  p in e s  and o t h e r
c o n i f e r s  i s  d is c u s s e d .
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1 . INTRODUCTION
E x p e r im e n t has shown t h a t  p o v e r t y  i n  m in e r a l  n u t r i e n t s  
i s  n o t  th e  o n ly  f a c t o r  concerned  i n  t h e  su p p ress io n  o f  
g ro w th  a t  Wareham F o r e s t ;  th e  f a i l u r e  to  grow t r e e s  on 
t h e  a re a  seems to  be  e s s e n t i a l l y  a s s o c ia te d  w i th  anomalous  
f e a t u r e s  in  th e  humus c o n s t i t u e n t  le a d in g  u l t i m a t e l y  to  
th e  p r o d u c t io n  o f  su b s tan ces  u n fa v o u r a b le  to  norm al g ro w th  
o f  t r e e s  ( 3 ) .
F o r  th e  p u rp o s e  o f  th e  e x p e r im e n ts  about to  be  
d e s c r ib e d ,  i t  was assumed t h a t  t h e  p e rc e n ta g e  o f  such an 
o r g a n ic  c o n s t i t u e n t  as c e l l u l o s e ,  i n  Wareham s o i l  and 
i n  o t h e r  s o i l s  o f  s i m i l a r  ty p e  b u t  fa v o u r a b le  to  g ro w th ,  
m ig h t be q^e v a r i a b l e  r e s p o n s ib le  f o r  th e  m arked d i s s i m i l a r i ­
t i e s  i n  g ro w th .
The f o l l o w i n g  s tu d ie s  were d e s ig n e d  to  t e s t  t h i s  
h y p o th e s is  in  r e s p e c t  to  raw  c e l l u l o s e  u s in g  t h e  g ro w th  
r e a c t io n s  o f  S co ts  p in e  s e e d l in g s  as an in d e x  o f  t h e  
e f f e c t s  b ro u g h t  ab o u t by a d d i t io n  o f  t h i s  s u b s ta n c e .
2 . EXPERIMENTAL 
( A) A d ^ t i jo n  j 3 f  a p e r  and ‘p u re  c e l l u l o s e * .
The e x p e r im e n ts  were begun i n  1935  and c a r r i e d  o u t  
i n  p o t - c u l t u r e s  o f  Sco ts  p in e  w i th  com parable s o i l s  o f  t h r e e
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l o c a l i t i e s :  ( a )  from  Wareham F o r e s t ,  (b )  from  O x s h o tt
( s u r r e y ) ,  and ( c )  from  a p a r t  o f  th e  New F o r e s t .  I n  Wareham 
s o i l  f a c t o r s  a re  i n i m i c a l  to  p in e  grow th; i n  th e  s o i l s  from  
S u rre y  and th e  New F o r e s t ,  p in e s  grow w e l l .  A l l  . t h r e e  
s o i l s  a re  p o d s o ls  on Bagshot B e d s i , O x s h o tt  l i k e  Wareham 
c a r r y in g  CsJUju^a h e a th ,  and th e  New F o re s t  s o i l  s u p p o r t in g  
woodland. The ra n g e  o f  th e  pH v a lu e s  o f  th e  t h r e e  s o i l s  
i s  i d e n t i c a l ;  nam ely  4*7  -  4 - 9 .
V a r y in g  amounts o f  c e l l u l o s e  -  1%, 2%, 3%, 5%, 10% -  
were added to  each o f  th e s e  s o i l s  a t  sowing, th e  p e r c e n ta g e  
v a lu e s  b e in g  based  on th e  a i r  d r y -w e ig h ts  o f  t h e  s o i l s .
The m a t e r i a l  was used  i n  th e  form  o f  f in e ly -c h o p p e d  f i l t e r ­
p a p e r  (p r o d u c t  N o . l ,  W. and R. B a ls to n  L t d . )  o r  as ’ p u re  
c e l l u l o s e ’*  t r e a t e d  in  th e  same way. I  am in d e b te d  to  
th e  C h e m is try  D e p t . , Wbolwich A rs e n a l ,  f o r  s u p p ly in g  me 
w i t h  t h i s  ’p u re  c e l l u l o s e ’ .
At t h e  end o f  th e  f i r s t  s e a s o n ’ s grow th , a d d i t i o n s  o f  
c e l l u l o s e  had p ro d u c e d  d e f i n i t e  e f f e c t s  on th e  p in e  s e e d l in g s ,
*  P r e p a r e d  from  c o t to n  s l i v e r  by  t h e  f o l lo w in g ,  t r e a t m e n t : -
1 .  B o i le d  w ith  5 p a r t s  o f  4 p e r  c e n t c a u s t ic  soda s o l u t i o n .
2. W ell b le a c h e d  w ith  c a lc iu m  h y p o c h lo r i t e .
3. R e b o i le d  w ith  5 p a r t s  o f  1 p e r  cent c a u s t ic  soda s o lu t io n .
4. B le a c h e d  m i l d l y  w ith  sodium h y p o c h lo r i t e .
5 . Soaked i n  d i l u t e  a c e t i c  a c id .
6 .  Washed w i th  d i s t i l l e d  w a te r .
7 .  D r ie d  in  a vacuum.
PLATE la
C e l l u l o s e  e x p e r i m e n t s  
I n  p o t  c u l t u r e s  
4 4 35. 17. 3. 36. .
 ^ Contre!
\  P i n u s sllvestris
R e p re s e n ta t iv e  s e e d lin g s  o f  Scots p in e  
from  p o t -c u l t u r e s  in  Qxhsott s o i l  to  w hich  
v a r io u s  amounts o f  c e l lu lo s e  in  th e  fo rm  
o f  chopped f i l t e r  paper have been added ( c f .  P l . I b )
PLATE Ib
Seed ling s  o f  Scots p in e  in  t h e i r  1s t season o f  grow th in  
New F o re s t  s o i l  ( f i g . l ) ,  Oxshott s o i l  ( f i g . 2 ) ,  and Warehaqi 
s o i l  ^ f i g .3 )  to  which v a r io u s  amounts o f  c e l lu lo s e  in  tlie  form  
o f  chopped f i l t e r  paper have been added.
Sown: 4 .4 .3 6 5  photographed 4 .1 1 . 3 6 .  X 1 /7 .
F i g . l :  New F o r e à t t s o l l
Note th a t  more th a n  \% 
c e l lu lo s e  has a d e le te r io u s  
e f f e c t  on grov/th .
F i g . 2: Oxshott s o i l
Note t h a t  1% c e l lu lo s e  has 
a s l i g h t l y  b e n e f i c i a l  e f f e c t ,  
but t h a t  more th a n  t h is  
. r e ta rd s  g ro w th .
F i g . 3: Wareham s o i l  
Note t h a t  1^ c e l lu lo s e  has a 
s l i g h t l y  b e n e f i c i a l  e f f e c t ,  
and t h a t  a d d i t io n  o f  as much 
as b% g iv e s  about as *good* 
grow th as c o n t r o ls .
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th e  symptoms in d u c e d  b e in g  i d e n t i c a l  in  the  t h r e e  s o i l s  
u n d e r  c o n s id e r a t io n .  The a d d i t io n  o f  1% c e l l u l o s e  a c te d ,  
on th e  w ho le , as a s t im u la n t ;  i t  s l i g h t l y  im p ro ved  r o o t  
and shoot g r o w t h ‘ and gave an im p e tu s  to  ro o t  deve lo pm ent  
i n  r e s p e c t  to  in c r e a s e  o f  b ra n c h in g  and m y c o r r h iz a - fo r m a t io n  
( P I *  l a ) .  H ig h e r  p e rc e n ta g e s  o f  c e l l u l o s e  dep ressed  r o o t  
and shoot g ro w th , y i e l d i n g  s m a l le r  s e e d l in g s  with p u r p l i s h  
f o l i a g e  and i n h i b i t i n g  m y c o r r h iz a - fo r m a t io n  ( c f .  C h a p te r  C) 
( P I .  I b ,  f i g s .  1 ,  2 , 3; P I .  l a ) ;  above 1% t h e  d e l e t e r i o u s  
e f f e c t s  in c r e a s in g  w ith  th e  amount o f  c e l l u l o s e  used . The  
b e n e f i c i a l  e f f e c t  o f  1% i s  more m arked in  O x s h o tt  s o i l  th an  
i n  t h a t  from  th e  New F o r e s t  and i s  l e a s t  n o t ic e a b le  in  
Wareham s o i l ;  t h e  d e l e t e r i o u s  e f f e c t s  o f  l a r g e r  amounts  
o f  c e l l u l o s e  i s  a ls o  l e a s t  m arked i n  th e  l a t t e r  s o i l ,  an 
a d d i t io n  up to  5% c a u s in g  no n o t ic e a b l e  r e t a r d a t i o n  in  
grow th  ( P I .  I j ,  f i g . 3 ) .  Comparison o f  th e  p l a n t s  in  t h e  
t h r e e  s o i l s  r e c e i v i n g  5% c e l l u l o s e  shows t h a t  u n d e r  t h i s  
t r e a t m e n t  g ro w th  i n  Wareham s o i l  i s  r e l a t i v e l y  b e t t e r  th a n  
in  e i t h e r  o f  t h e  two o t h e r  s o i l s  i n  which S co ts  p in e  
n o rm a l ly  grows w e l l  ( P I .  I I ,  f i g . l ) .
The d e l e t e r i o u s  c e l l u l o s e  e f f e c t  i s  most m arked a t  th e  
end o f  t h e  f i r s t  s e a s o n ’ s g ro w th . From th e  b e g in n in g  o f  
th e  second season onw ards, t h e  r e t a r d e d  s e e d l in g s  e x h i b i t
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im p ro ved  grow th  w i th o u t ,  ho w ever, r e a c h in g  th e  l e v e l  o f  
th e  c o n t r o ls .  C o r r e ^ o n d in g l y ,  th e  b e n e f i c i a l  e f f e c t  o f  
a d d i t io n  o f  1% c e l l u l o s e  g r a d u a l ly  d is a p p e a rs  a f t e r  t h e  
f i r s t  season o f  g ro w th . These changes in  grow th r e a c t io n  
a re  accom panied by ( o r  c o r r e l a t e d  w i t h )  more r a p id  decompo­
s i t i o n  o f  t h e  c e l lu l o s e .
D u r in g  th e  course  o f  t h e  e x p e r im e n ta l  re s e a rc h e s ,  a 
rough survey  o f  th e  r a t e  o f  f i l t e r p a p e r  deco m p o s it io n  in  
t h e  t h r e e  s o i l s  was made. O f t h e  two f e r t i l e  s o i l s ,  t h a t  
from  t h e  New F o r e s t  b r in g s  about th e  more r a p i d  d e s t r u c t i o n ,  
t h e  whole o f  t h e  c e l l u l o s e  m a t e r i a l  (2%)  b e in g  decomposed 
i n  7 m onths. T h is  p ro c e s s  to o k  8  months in  O x s h o tt  s o i l ,  
w h i le  t h e  c o m p le te  d is a p p e a ra n c e  o f  t h e  same amount o f  
c e l l u l o s e  in  Wareham s o i l  r e q u i r e d  12  months. T h a t  t h e  
c e l l u l o s e  i s  decomposed r e l a t i v e l y  s lo w ly  in  Wareham s o i l  
has been c o n s id e re d  to  be due n o t  to  th e  absence from t h i s  • 
s o i l  o f  some s p e c i f i c  c e l l u l o s e - s p l i t t i n g  o rg a n is m s  b u t  
r a t h e r  to  th e  i n h i b i t i o n  o f  t h e i r  a c i t i v i t i e s  ( 3 ) .  F o r  
’p u re  c e l l u l o s e ’ (2 % ) ,  t h e  r a t e  o f  deco m p o s it io n  was 1 1  
months in  New F o r e s t  s o i l ,  14  months i n  O x s h o tt  s o i l , and 
20 m onths in  Wareham s o i l .  O b s e r v a t io n s  made on Wareham 
s o i l  and o t h e r  p o o r  s o i l s ;  e .g .  from  Hope F o r e s t ,  and on
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more f e r t i l e  s o i l s  o f  th e  same raw  humus ty p e  suggest a 
d i r e c t  c o r r e l a t i o n  between th e  r a t e  o f  c e l lu lo s e  d e c o m p o s it io n  
and th e  d e g re e  o f  s o i l  f e r t i l i t y  in d i c a t e d  by t h e  g row th  
r e a c t io n s  o f  th e  p in e  s e e d l in g s .
T h a t  th e  r a t e  o f  c e l l u l o s e  d e s t r u c t io n  in  Wareham s o i l  
can be  a c c e le r a t e d  has been shown i n  re c e n t  re s e a rc h e s  by  
o t h e r  i n v e s t i g a t o r s  (W. N e i l  son-Jon es and A. M o rto n ,  
u n p u b l is h e d ) . D u r in g  t h e  course  o f  th e  i n v e s t i g a t i o n  
h e re  re c o rd e d  i t  was r e p e a te d ly  o b s e rv e d  t h a t  t h e  r a t e  
o f  c e l l u l o s e  de c o m p o s it io n  i n  Wareham s o i l  in c r e a s e d  t w o f o ld  
and more by a d d in g  c e r t a in  o r g a n ic  composts to  i t .
The im m e d ia te  cause o f  t h e  d e le t e r io u s  e f f e c t s  in d u c e d
by a d d i t io n s  of- c e l l u l o s e  a re  s t i l l  o b s c u re . I t  i s  f r e q u e n t l y
assumed t h a t  such e f f e c t s  a re  due o n ly  to  n i t r o g e n  s t a r v a t i o n
f o l l o w i n g  in c r e a s e d  c o m p e t i t io n  f o r  a v a i l a b l e  n i t r o g e n  by 
%
c e l l u l e  s e - s p l i t t i n g  o rg a n is m s . T h is  would e x p la in  t h e
i n c r e a s i n g l y  d e l e t e r i o u s  r e s u l t s  b ro u g h t  about by p e r c e n ta g e s  
above 1% b u t  n o t  th e  b e n e f i c i a l  e f f e c t s  produced by t h e  
s m a l le r  amount.
I n  o r d e r  to  t e s t  th e  h y p o th e s is  t h a t  n i t r o g e n  s t a r v a t i o n  
causes t h e  g ro w th  d e p re s s io n ,  a s e r i e s  o f  p o t - c u l t u r e s  was 
s e t  up w i th  a d d i t io n  o f  n i t r o g e n  as w e l l  as c e l lu lo s e ®
PLATE I I
F i g . 2: Seed lings o f  Scots 
pin e  in  t h e i r  1 s t  season 
o f  grow th in  Oxshott s o i l
1 .C o n t r o l ,  2 .  + N i t r a t e ,
3 .  + 5% c e l lu lo s e ,
4 .  + 5 %  " + N i t r a t e .
Sown 4 .4 .5 9 ;  photographed  
5 , 1 1 . 3 9 .
X 1 /7
F i g . l :  Seed lings o f  Scots p in e  
in  t h e i r  f i r s t  season o f  growth  
in  New F o re s t  s o i l , Wareham 
s o i l , and Oxshott s o lT /  ad.1 
re c e iv in g  6% c e l lu lo s e .
Sown 4 .4 .3 6 ;  p h o to g r. 4 .1 1 .3 6 .  
x l / 5
F i g . 3: Seed lings o f  Scots p in e  
in  t h e i r  f i r s t  season o f  growth  
i n  Wareham s o i l  to  which 6 % 
c e l lu lo s e ,  25% 05 (compost from  
ho pw aste ), and 05 and c e l lu lo s e  
have been added.
Sown 1 8 .4 .4 0 ;  photographed  
4 . 9 . 4 0 .
X 1 /5
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N it ro g e n  was added in  th e  form  o f  NaNO 3  to  t h e  amount o f  
1 %, th e  p e rc e n ta g e  b e in g  based  on th e  d ry -w e ig h t  o f  t h eI
s o i l .  The n i t r a t e  was g iv e n  as a s o lu t io n  in  r a in  w a te r  
o v e r  a p e r io d  o f  s ix  weeks s t a r t i n g  a t  th e  end o f  May, and 
s u p p l ie d  in  1 2  doses. The s e r ie s  was se t up as f o l lo w s :
1 . O x s h o tt  s o i l .  C o n tro l 6  p o ts
2. „ w + 1 %  NaNO 3  „
3. „ „ + 5% c e l l u l o s e  „
4 . „ „ f  1% NaNO 3  + 5% c e l lu lo s e  „
At th e  end o f  th e  f i r s t  season o f  g row th , s e r ie s  ( 2 )  showed 
no im p rovem ent, s e r ie s  (3 )  e x h i b i t e d  th e  d e le t e r io u s  e f f e c t  
as u s u a l ,  b u t  in  s e r ie s  (4 )  t h i s  e f f e c t  was e n t i r e l y  o v e r ­
come by th e  a d d i t io n  o f  NaNO 3 . ( P I .  I I ,  f i g .  2 ) .
A s i m i l a r  e f f e c t  was p ro d u ced  by a d d it io n  o f  a c e r t a i n  
o r g a n ic  com post.* P o t - c u l t u r e s  i n  composted Wareham s o i l  
r e c e iv in g  5% c e l l u l o s e  p ro d u ced  n e a r ly  as f i n e  s e e d l in g s  
as composted Wareham s o i l  a lo n e  ( P I .  I I ,  f i g .  3 ) .  I t  was 
assumed t h a t  th e  amount o f  a v a i l a b l e  n i t ro g e n  in  th e  compost 
m ig h t  be  r e s p o n s ib le  f o r  th e  c o u n te r a c t in g  e f f e c t  in  t h e  
same way as in  th e  e x p e r im e n ts  w ith  a d d i t io n  o f  n i t r a t e .
I n  o r d e r  to  e s t im a te  th e  r o l e  o f  n i t r o g e n  in  th e  compost 
e f f e c t  on t h e t c e l l u l o s e  c u l t u r e s ,  exp er im e n ts  were s e t  up 
w ith  le a c h e d  compost added to  th e  t h r e e  s o i l s  d e a l t  w i th
* T h is  p a r t i c u l a r  o rg a n ic  compost i s  one o f  th e  composts made 
u n d e r  th e  d i r e c t i o n  o f  D r. M. C. Rayner a t  B e d fo rd  C o l le g e
f o r  Women, U n iv e r s i t y  o f  London, R e g e n t’ s P a r k .  I t  d e r iv e d  
from  hopw aste from a b re w e ry  and was composted w ith  d r ie d
b lo o d .
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in  t h i s  p a p e r .  The compost was washed o u t t h r e e  t im e s  
and k e p t  in  ru n n in g  w ate r  f o r  one h o u r  b e fo r e  a d d i t io n  
to  th e  s o i l s .  T a b le  I I I  shows th e  average h e ig h t  o f  
shoots  -  based on measurement o f  30 s e e d lin g s  -  a t  th e  
end o f  th e  f i r s t  season o f  g row th .
l5 È i.e _ II.I
C e l lu lo s e  -  compost -  ex p e r im ents  
Po s i l v e s t r i s  p o t - c u l t u r e s
Sown: 2 3 .4 .1 9 4 0  
Examined: 4 ,1 2 .1 9 4 0
Average h e ig h t  o f  shoot a f t e r  7 m onths’ growth
wareham s o i l O xsho tt s o i l New F o r e s t  
___ s o i l __
C o n tro l  ( u n t r e a t e d 5 cm. 7 cm. 7 - 5  cm.
+ compost 8 * 5  „ 1 0 -5  „ 9 - 5 .  .
+ 05 compost le a c h e d 7 . 8 « 8
+ 5% c e l l u l o s e 4 -5  „ 4 -5  „ 4
+ C5 + 5% c e l l u l o s e 8  „ 1 0  „ 9 ____
+ C5 le a c h e d  + 5% c e l l 5 - 5  „ 5 -5  „ 5
The r e s u l t s  o f  th e  c e l lu lo s e -c o m p o s t  e x p e r im e n ts  can 
be summed up as fo l lo w s :
* C5 compost d e r iv e s  from hopwaste.
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1 . Growth o f  th e  s e e d l in g s  i s  b e s t  i n  New F o re s t  s o i l  w ith  
re g a rd  to  h e ig h t  and c o lo u r  ( c f .  r a t e  o f  c e l lu lo s e  
d eco m p osit ion  in  th e  t h r e e  s o i l s  in  d i r e c t  p r o p o r t io n  
to  grow th  r e a c t i o n ) .
2. There  i s  a compost e f f e c t  n o t  o n ly  i n  th e  p o o r  s o i l  
(Wareham) b u t  a ls o  in  th e  c o m p a ra t iv e ly  good s o i l s  
(O x s h o tt  and the New F o r e s t ) .
T h is  compost e f f e c t  i s  most m arked in  th e  p o o r  s o i l ,
%
d e c re a s in g  in  th e  b e t t e r  s o i l s ,  and hav in g  l e a s t  e f f e c t  
i n  th e  b e s t  s o i l .
3 . The e f f e c t s  produced by th e  le a c h e d  compost a re  o f  th e  
same o r d e r  as th o s e  o f  th e  o r d in a r y  compost.
4. A d d it io n  o f  c e l l u l o s e  p ro d u ces  th e  g r e a te s t  e f f e c t  in  
th e  b e s t  (N .F .  s o i l )  and i s  h a r d ly  e f f e c t i v e  in  th e  p o o r  
s o i l  (W. ) ,  ( c f . "p.  5 3 ) .
5 . The compost c o u n te ra c ts  th e  i n h i b i t i o n  o f  grow th p ro d u c e d  
by th e  a d d i t io n  o f  c e l l u l o s e  i n  th e  th r e e  s o i l s  s i m i l a r l y ,
6 . W ith  re g a rd  to  growth o f  th e  s e e d l in g s ,  le a c h e d  compost 
i s  l i t t l e  e f f e c t i v e  in  th e  c e l l u l o s e  t r e a t e d  s o i l s .  The 
c o lo u r  o f  th e  s e e d l in g s  i s  as bad as in  th e  c u l t u r e s  
t r e a t e d  w i th  c e l lu lo s e  o n ly .
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The th e o ry  o f  n i t r o g e n  s t a r v a t i o n  may e x p la in  th e  
d e le t e r io u s  e f f e c t s  o f  a d d i t io n s  o f  h ig h e r  p e rc e n ta g e s  
o f  c e l l u l o s e ,  b u t  i t  does n o t  e lu c id a t e  th e  o b s e rv e d  f a c t  
t h a t  a d d i t io n  o f  1% c e l l u l o s e  im p ro ves  growth d u r in g  th e  
f i r s t  season in  a l l  t h r e e  s o i l s ;  i . e . ,  t h a t  t h e r e  i s  a 
t h r e s h o ld  v a lu e  a t  which d e p re s s io n  re p la c e s  s t im u la t io n  
o f  g ro w th . I t  seems p o s s ib le  t h a t  some b y -p ro d u c t  o r  
p ro d u c ts  o f  th e  decom position  o f  c e l l u l o s e  may a c t  as a 
s t im u la n t  when p r e s e n t  in  sm a ll amounts, b u t t h a t  a c c u m u la t io n  
o f  th e  same s u b stan ce  f o l lo w in g  th e  a d d i t io n  o f  l a r g e r  
q u a n t i t i e s  o f  c e l l u l o s e ,  may be p r o g r e s s iv e ly  d e le t e r io u s ;  
th e  o t h e r  s u g g e s t io n  b e in g  t h a t  th e  dep ressan t r e s u l t  i s  
due n o t  so much to higher c o n c e n t ra t io n  o f  th e  s t im u la n t  
b u t  to  th e  o v e rp o w e rin g  e f f e c t  o f  n i t r o g e n  d e p le t io n  
a s s o c ia te d  w i th  th e  l a r g e r  doses o f  c e l lu lo s e .
I n  o r d e r  to  t e s t  th e  e f f e c t  o f  s m a l le r  amounts, t r e a t ­
m ents w ith  v a r io u s  q u a n t i t i e s  o f  c e l l u l o s e  were g iv e n  t o  
Scots  p in e  s e e d l in g s  in  p o t - c u l t u r e s  s t a r t e d  in  s p r in g  .1939. 
l%f  0 *5% , and 0*1% o f  chopped f i l t e r p a p e r  were added to  
O x s h o tt  s o i l .  As in  p r e v io u s  e x p e r im e n ts , th e  s e e d l in g s  
i n  p o ts  t r e a t e d  w i th  1 % c e l l u l o s e  were s l i g h t l y  b e t t e r  th an  
th e  c o n t r o ls ;  s m a l le r  q u a n t i t i e s  -  0*5% and 0*1% -  w ere
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n o t b e n e f i c i a l  and produced s e e d l in g s  on th e  l e v e l  o f  th e  
c o n t r o ls .  T h ere  was no d i f f e r e n t i a l  e f f e c t  n o t ic e a b le  
between th e  p o ts  r e c e iv in g  O’ 5% and th o s e  v /ith  0 * 1 % c e l l u l o s e .
I f ,  as i s  p o s s ib le ,  some b y -p ro d u c t  o f  c e l lu l o s e  
d eco m p osit ion  a c ts  as a s t im u la n t  to  grow th, i t  must b e  
assumed from th e  above e x p e r im e n ts ,  t h a t  th e  substance  in  
q u e s t io n  i s  o n ly  e f f e c t i v e  when p r e s e n t  in  a c e r t a in  q u a n t i t y .
B. ADDITION OF ACETYL ATED CELLULOSE
I n  o r d e r  to  d is c r im in a t e  between p h y s ic a l  and o t h e r  
e f f e c t s  b ro u g h t  about by th e  a d d i t io n  o f  c e l l u l o s e  to  th e s e  
o r g a n ic  s o i l s ,  two s e r ie s  o f  p o t - c u l t u r e s  w i th  S co ts  p i n e  
were grown, one s e r ie s  r e c e iv in g  1% and 5% a d d i t io n s  o f  
c o t t o n - c e l l u l o s e ,  th e  o t h e r  1% and 5% o f  th e  same m a t e r i a l  
a c e t y la t e d .  The c e l l u l o s e  f o r  th e s e  exp erim en ts  was k i n d l y  
p r o v id e d  by D r . A. C. Thaysen, Chemical Research L a b o r a to r y ,  
T e d d in g to n .
The u n t r e a t e d  c o t t o n - c e l l u l o s e  used in  th e  1938 sowing  
in  O x s h o tt  s o i l  was c o m p le te ly  decomposed by th e  end o f  
th e  y e a r ;  th e  a c e ty l  a ted  m a t e r i a l  was s t i l l  un a t ta c k e d  
a f t e r  3 y e a r s .  E f f e c t s  on th e  g ro w th  o f  s e e d l in g s  a re  
b ro u g h t about qnljy by th e  fo rm e r  m a t e r i a l  and a re  i d e n t i c a l
PLATE I I I
A«*truu« c*tt
O
p. Sllvestris
S e e d lin g s  o f  Scots p in e  in  t h e i r  f i r s t  
season o f  g row th  i n  Oxshott s o i l ; C o n t r o l ,
+ 5% a c e ty la t e d  c o t t o n - c e l l u l o s e ,  + 5% 
u n t r e a te d  c o t t o n - c e l lu lo s e *
Sown: 1 8 .4 .3 8 ;  photographed; 4 . 8 . 3 8 .  x 1 / 5 .
Note t h a t  th e  c e l l u l o s e  e f f e c t  is  brought  
about o n ly  by th e  u n t r e a te d  c o t t o n - c e l lu lo s e #
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w ith  th o s e  p ro d u c e d  by t h e  c e l l u l o s i c  m a t e r i a l s  used  in  
t h e  e a r l i e r  e x p e r im e n ts .  The p o t s  s u p p l ie d  w i th  a c e t y l a t e d  
c e l l u l o s e  show h a r d ly  any d i f f e r e n t i a l  e f f e c t s  as be tw een  
c o n t r o l s  and t r e a t e d  p o ts  (c fc  P I ,  T I T ,  Æb-g r i ) .
The a v e ra g e  h e ig h t  o f  s h o o ts  e s t im a te d  from  m easurem ents  
o f  40 s e e d l in g s  a f t e r  th e  second y e a r  o f  g ro w th  was as 
f o l lo w s :
O x s h o t t  s o i l  ( c o n t r o l )  10 cm.
„ „ + 5 %  c o t t o n - c e l l u l o s e  6  „
„  ^ + 5% a c e t y l a t e d  c o t t o n - c e l l u l o s e  9 - 5  „
Prom m ic r o s c o p ic  e x a m in a t io n  o f  th e  two form s o f
c e l l u l o s e  ta k e n  fro m  th e  s o i l  o f  t h e  e x p e r im e n ta l  p o ts  
d u r in g
2  y e a r s ,  i t  i s  e v id e n t  t h a t  a c e t y l a t e d  c e l l u l o s e  i s  
immune to  a t t a c k  by th e  o r d i n a r y  c e l l u l o s e - s p l i t t i n g  s o i l  
o rg a n is m s . I t  i s  a ls o  e v id e n t  t h a t  t h e  f i b r e s  o f  a c e t y l a t e d  
c e l l u l o s e  a re  n o t  in v a d e d  by th e  s o i l  fu n g i  w h ich  r e a d i l y  
in v a d e  t h e  f i b r e s  o f  t h e  u n t r e a t e d  c o t t o n - c e l l u l o s e .
C. GROWTH OP CERTAIN SOIL FUNGI ON CELLULOSIC MATERI_^S
Among t h e  s o i l  fu n g i  t h a t  in v a d e  th e  f i b r e s  o f  c o t t o n -  
c e l l u l o s e  w i th o u t  d e s t r o y in g  them , two a re  r e a d i l y  d is ­
t in g u i s h e d  by t h e  c o lo u r  and d ia m e te r  o f  th e  hyphae and mode 
o f  b r a n c h in g  o f  t h e  m yce liu m . They ha v e  been i s o l a t e d  by
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t h e  w r i t e r  and w ere a v a i l a b l e  i n  p u r e  c u l t u r e  f o r  t h e
o b s e r v a t io n s  and e x p e r im e n ts  d e s c r ib e d  b e lo w . One o f  them ,
\
M ycelium , r a d i c i s a > t ro v ire n s . common i n  o r g a n ic  s o i l s  and  
w id e ly  d i s t r i b u t e d  i n  Europe and A m e rica , has been th e  
s u b je c t  o f  i n t e n s i v e  s tu d y  by M e l in  ( 2 )  and o t h e r  w o rk e rs  
( c f .  P a r t  I I  o f  t h i s  t h e s i s ) .  The o t h e r ,  a fo rm  i d e n t i c a l  
w i t h  t h a t  named R h i.^ c to n ;^ a _ _ s ^  by M e l in  ( 2 ) ,  i s
s e e m in g ly  c o m p a r a t iv e ly  r a r e  i n  n a t u r e ,  and, i n  t h e  case  
o f  t h e  t h r e e  s o i l s  now u n d e r  o b s e r v a t io n ,  i s  p r e s e n t  o n l y  
i n  t h a t  from  O x s h o t t .
The o b s e r v a t io n s  on t h e  two fu n g i  r e f e r r e d  to  a re  as 
. f o l l o w s .  F i b r e s  o f  c o t to n  w oo l, f i l t e r p a p e r ,  and u n t r e a t e d  
c o t t o n - c e l l u l o s e  imbedded i n  t h e  e x p e r im e n ta l  s o i l s  show  
in v a s io n  by th e  hyphae o f  MyceljLum ^ r a d ^ i s  a tro ^ v ire n s  i n  
a l l  t h r e e  s o i l s ,  and by t h i s  m yce liu m  and a ls o  t h a t  o f  
R h iz o c t o n ia  s i l v e s t r i s  i n  O x s h o t t  s o i l .  The c e n t r a l  3j^e^n_!L 
o f  t h e  a c e t y l a t e d  f i b r e s  in  th e  compar a t i v e  s e r i e s  a re  
^ s o l i ^ t e ] ^  f^G e from  any h y p h a l  i n f e c t i o n .
E x p e r im e n ts  were c a r r i e d  o u t  to  t e s t  t h e  r e s i s t a n c e  o f  
a c e t y l a t e d  c e l l u l o s e  from  T e d d in g to n  to  m y c e l ia l  in v a s io n  
o f  t h e  two f u n g i  u n d e r  c o n d i t io n s  v e r y  fa v o u r a b le  to  t h e i r  
a c t i v e  g ro w th .  P y ra m id s  and cones o f  c e l l u l o s i c  m a t e r i a l .
PLATE IV
F i g . l :
Mycelium  r a d io is
a t r o v i r e n s
grow ing  on f i l t e r  paper
d ip p in g  in t o  a n u t r i e n t
s o lu t io n #
C u ltu r e  2 months o ld#
P i g . 2:
M ycelium  r a d i c l s  a t r o v i r e n s  
grow ing on a c e ty la t e d  c o t to n  
c e l lu lo s e  d ip p in g  i n t o  a 
n u t r i e n t  s o lu t io n #
C u ltu r e  2  months o ld#
X &
?^’-
PLATE V
M ycelium  r a d i c ls  a t r o v i r e n s  
in v a d in g  a f i b r e  o f  f i l t e r  pap er  
d ip p in g  in t o  a n u t r i e n t  s o lu t io n  
( c f .  P la t e  I V , f i g . l ) .  \  1000
The m ycelium  is  fo rm in g  s c l e r o t i a  
in s id e  th e  c e n t r a l  lumen o f  the  f i b r e
PLATE Va
M ycelium  r a d ic ls  a t r o v i r e n s . From co lo n y  on f i l t e r  paper  
d ip p in g  'In t o  a n u t r i e n t  s o i u t I o n •
Drawings made w i th  an Abbe camera lu e I d a .  X Y 50 .
F l g # l : Hyphae In s id e  c e n t r a l  lumen o f  f i b r e ,  fo rm in g  a » n e t ’ « 
E a r ly  s tage#
F i g #2: D i t t o ;  advanced s ta g e .
F lg # 5 : S c l e r o t i a  In s id e  c e n t r a l  lumen o f  f i b r e ,  fa rm in g  
P i g . 4 ; B eg inn ing  o f  S c l e r o t i a  fo rm a t io n  on s u r fa c e  o f  f i b r e #
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f i l t e r p a p e r ,  u n t r e a t e d  c o t t o n - c e l l u l o s e  and a c e t y la t e d  
c o t t o n - c e l l u l o s e ,  were p la c e d  i n  E r le n m e y e r  f l a s k s  i n  such  
a way t h a t  th e y  were c o n s t a n t ly  m o is te n e d  by c a p i l l a r y  r i s e  
from  t h e  n u t r i e n t  i n  which th e y  w ere  d ip ped  ( P I .  I V ,  
f i g s .  1 ,  2 ) .  The f l a s k s  were th e n  s t e r i l i z e d  and t h e  
p y ra m id  o r  cone i n o c u la t e d  from  a p u r e  c u l t u r e  o f  o n e  o r  
o t h e r  o f  t h e  f u n g i .  I n  a l l  e x p e r im e n ta l  f l a s k s ,  t h e  
m y c e l ia  g rew  w e l l ,  c o v e r in g  t h e  cones w ith  a dense l a y e r ;  
i n  a l l  e x c e p t  th o s e  f o r  w hich a c e t y l a t e d  c o t t o n - c e l l u l o s e  
was u s e d , t h e  f i b r e s  were in v a d e d  by m ycelium  ( P I .  V ) i  
The in v a d in g  m y c e l ia  fo rm  r e s t i n g  s c l e r o t i a  and n e t - l i k e  
f u s io n s  w i t h in  t h e  f i b r e s  o f  t h e  v a r io u s ,  form s o f  u n t r e a t e d  
c e l l u l o s e ,  a l th o u g h  no e v id e n c e  o f  d e c o m p o s it io n  was 
o b s e rv e d  i n  any such c u l t u r e .
I t  i s  s u g g e s te d  p r o v i s i o n a l l y  t h a t  m e c h a n ic a l changes  
i n  t h e  f i b r e s  -  s w e l l in g  o f  t h e  w a l ls  w ith  r e d u c t io n  o f  t h e  
lumen a , o r  t h e  d e c re a s e d  c a p a c i t y  f o r  i m b i b i t i o n *  -  may 
p o s s i b l y  be r e s p o n s ib le  f o r  t h e  o b s e rv e d  r e s i s t a n c e  to  
i n v a s io n  by hyphae i n  t h e  case o f  a c e t y la t e d '  c e l l u l o s e .
*  E x p e r im e n ts  were c a r r i e d  o u t  w hich  i n d i c a t e d  t h a t  a c e t y l a t e d  
c o t t o n - c e l l u l o s e  has a lo w e r  r a t e  o f  w a te r  a b s o r p t io n  th a n  
o r d i n a r y  c o t t o n - c e l l u l o s e .
PLATE V I
/ /  Cluco
Scots pine 
21 4 . 3 8 . ^ . / i  38
F i g . l :  S e e d lin g s  o f  Scots p in e  in  t h e i r
1 s t  season o f  grow th  i n  New F o r e t t  s o i l  
w ith o u t  ( C o n t r o l )  end w i th  a d d i t io n  o f  
1 % g lu c o s e .  ^ A?S 4  •
Scots pine 
21 4.. 3 8 .-4 ./£  38.
F i g . 2 : S e e d lin g s  o f  Scots  p in e  in  t h e i r
1 s t  season o f  g ro w th  i n  Wareham s o i l  
w ith o u t  ( C o n t r o l )  and w i t h  a d d i t io n
o f  1 % g lu c o s e . J L4 •
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D. ADDITION OF GLUCOSE
The assum ption  t h a t  d u r in g  t h e  cou rse  o f  c e l l u l o s e -  
d e c o m p o s it io n  in  s o i l s  s u g a rs  a re  fo rm e d , l e d  to  a s tu d y  
o f  two s e r i e s  o f  po t - c u l  t u r e s  o f  p i n e  in  War eh am s o i l  and 
New F o r e s t  s o i l  r e s p e c t i v e l y  t h a t  r e c e iv e d  a s o l u t i o n  o f  
g lu c o s e  in  t h e i r  f i r s t  g ro w in g  season . The t o t a l  amount 
o f  s u g a r  g iv e n  p e r  p o t  was i n  one s e r i e s  1  gm ., i n  t h e  
o t h e r  5 gm. s u p p l ie d  i n  1 2  doses o v e r  a p e r io d  o f  4 w eeks.
( 1  gm. p e r  p o t  i s  about 1% o f  t h e  d ry  w e ig h t o f  t h e  s o i l ) .  
Each dose o f  s u g a r  was g iv e n  as a s o lu t io n  i n  20 c. c. o f  
r a i n  w a te r .  The t r e a t m e n t  s t a r t e d  i n  June. By t h e  
m id d le  o f  S ep te m b e r, th e  d i f f e r e n c e  between t h e  c o n t r o l s  
and t h e  s u g a r - t r e a t e d  c u l t u r e s  was a l r e a d y  n o t i c e a b l e  
and in c r e a s e d  up to  th e  b e g in n in g  o f  November. I n  b o th  
s o i l s ,  th e  s e e d l in g s  r e c e i v i n g  g lu c o s e ,  whether 1  gm. o r  
5 gm. p e r  p o t ,  showed r e t a r d e d  g ro w th  and d e v e lo p e d  u n h e a l t h y  
symptoms, t h e  e f f e c t s  b e in g  more consp icuous i n  t h e  b e t t e r  
(New F o r e s t )  s o i l  ( P I .  V I ,  f i g s .  1 ,  2 ) .  The r e s u l t s  a re  
shown in  t h e  f o l l o w i n g  t a b l e  i n  w hich a re  g iv e n  t h e  
a v e ra g e  h e i g h t  o f  shoot e s t im a te d  from  m easurem ents o f  
40 s e e d l in g s  a f t e r  t h e i r  f i r s t  season o f  g row th:
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War eh am s o i l  N .F .  s o i l
No g lu c o s e  ( c o n t r o l )  6  cm. ~ 9 " c n T .“
1% g lu c o s e  4 „ 4- 5 „
5%  ^ 4 „ 4 5 „
I n  th e  f i r s t  and second season o f  grow th , t h e r e  i s
no d i f f e r e n c e  n o t ic e a b le  betw een th e  s e r ie s  h a v in g  r e c e iv e d
1% g lu c o s e  o r  5% g lu c o s e . O n ly  in  May 1939 , t h a t  i s  i n
th e  t h i r d  season o f  g row th , th e  s e r ie s  w ith  1% g lu c o s e  i n
b o th  War eh am and New F o re s t  s o i l  began to  develop h e a l t h i e r
s e e d l in g s  th an  th o s e  t r e a t e d  w ith  5% g lu co se , t h e  p l a n t s
in  New F o re s t  s o i l  s t i l l  e x h i b i t i n g  th e  d i f f e r e n c e  betw een
th e  two s e r ie s  more c o n s p ic u o u s ly .
I n  th e  t h i r d  season o f  g ro w th , th e  Average h e ig h t  o f
shoots  were as f o l lo w s :
Warel^am s o i l  Nejg»_ soil^
No g lu c o s e  ( c o n t r o l )  7 * 5  cm. 1 2 * 5  cm*
1% g lu c o s e  7 - 5  „ 1 2 -5  „
5% „ 5 -0  ^ 6 *0  „
Thus, by th e  t h i r d  season a f t e r  a p p l ic a t io n ,  th e  d e l e t e r i o u s
e f f e c t  o f  a d d i t io n  o f  1% g lu c o s e  had d is a p p e a re d  w h i le
th e  a d d i t io n  o f  5% sugar was s t i l l  p ro d u c in g  a pron ou nced
! •
i n h i b i t i o n  o f  g ro w th .
Comparison betw een p o t - c u l t u r e s  t r e a t e d  w ith  th e
h ig h e r  p e rc e n ta g e s  o f  c e l l u l o s e  and g lu co se  r e s p e c t i v e l y
shows t h a t  th e  grow th  r e a c t io n s  o f  th e s e  two e x p e r im e n ta l
s e r ie s  a re  i d e n t i c a l .
I n  bo th  cases th e  r e s u l t s  may be i n t e r p r e t e d  as due to  
n i t r o g e n  s t a r v a t i o n ,  due i n  one case to  u t i l i z a t i o n  o f  n i t r o g e n
by c e l l u l o s e - s p l i t t i n g  organ ism s  and in  th e  o t h e r  to  c o m p e t i t io n  
by th e  numerous organ ism s t h a t  can use  g lu c o s e , ( c f .  Chap. B . l ) .
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3. OBSERVATIONS
AND GLUCOSE-TREATED CULTURES
I t  was o f  s p e c ia l  i n t e r e s t  to  s tu d y  th e  i n f l u e n c e  o f
a d d i t io n s  o f  c e l l u l o s e  and sug ar upon th e  a s s o c ia t io n s  o f
s o i l  and m y c o r r h iz a l  fu n g i  w i th  r o o ts  o f  p in e  s e e d l in g s  in  
th e  v a r io u s  c u l t u r e s .
D u r in g  th e  course  o f  th e  i n v e s t i g a t i o n ,  th e  r o o ts  o f  
th e  e x p e r im e n ta l  s e e d l in g s  were examined r e p e a te d ly  w ith  
r e g a rd  to  t h e i r  m yc o rrh i z a l  equ ipm ent, le a d in g  to  th e  
f o l l o w i n g  o b s e r v a t io n s : -
1 .  Growth im provem ent in  t h e  s e e d l in g s  t r e a t e d  1% c e l l u l o s e  
i s  accompanied by an in c r e a s e  in  th e  amount o f  what
' a re  c o n s id e re d  to  be ’ n o r m a l ’ m y c o rrh iz a s .  T h is  a p p l ie s
to  th e  t h r e e  s o i l s  u n d e r  o b s e r v a t io n .  I n  t h e  case o f  
War eh am s o i l ,  th e  ’ norm al ’ m y c o rrh iz a s  a re  hymenomycete 
a s s o c ia t io n s  ( fo rm ed  by B o le tu s  bovin u s ) ; in  O x s h o tt  
and New F o r e s t  s o i l  a s s o c ia t io n s  formed by o t h e r  
hymenomycete my cel i  a and by Mycel iu m  r a d ia is  n i  g r o -  
s t r l g p sum.
2. The d e p re s s io n  o f  grow th i n  th e  p o t - c u l t u r e s  r e c e i v i n g  
p e rc e n ta g e s  above 1 % i s  accompanied by r e d u c t io n  in  
th e  number o f  ’ n o rm a l ’ m y c o r rh iz a s  as d e s c r ib e d ,  and
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by o t h e r  f e a t u r e s  which a re  c o n s id e re d  to  be  u n d e s i r a b le ;  
e .g .  by p r o fu s e  developm ent o f  m y c e l ia  on th e  b a l l  and 
in c r e a s e  in  th e  number o f  p s e u d o m y e o rrh iza s . I n  
War eh am s o i l ,  c u l t u r e s  t r e a t e d  w ith  h ig h e r  p e rc e n ta g e s  
o f  c e l l u l o s e  produced r o o t  systems r a t h e r  h e a v i l y  
a t  tracked by Myceliu m  r a d i c i s a t r p y i ren s , v /h i le  th e  
c o n t r o ls  were h a r d ly  a f f e c t e d .  I n  O x s h o tt  s o i l ,  
a d d i t io n s  o f  more than  1% c e l l u l o s e  b ro u g h t about  
s e v e re  a t ta c k s  o f  R h iz o c to n ia  s i l v e s t r i s ;  in  New 
F o re s t  s o i l ,  p seudom yeorrh i zas formed by an u n i d e n t i f i e d  
dark  m ycelium  deve lo ped  p r o f u s e ly  under th e s e  c o n d i t io n s .
3. A f t e r  th e  second season o f  g ro w th , when t h e  e x p e r im e n ta l  
s e e d l in g s  a re  g e t t in g  away, th e  a t ta c k s  o f  th e  d e l e t e r i o u s  
r o o t  fu n g i  g r a d u a l ly  d e c re a s e  and th e  r o o t  systems o f  
c o n t r o ls  and t r e a t e d  p l a n t s  become more and more s i m i l a r .
4 . M y c o rrh i  z a l  e x a m in a tio n  o f  g lu c o s e - t r e a t e d  s e e d l in g s  
have l e d  to  o b s e r v a t io n s  s i m i l a r  to  those  on c e l l u l o s e -  
t r e a t e d  p l a n t s .
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4. 0 BSERVATIONS _0_N THE EFFECT. 0 F CELLULO SE IN  
’PARTIALLY STERILIZED* SOIL
I n  an endeavour to d e te rm in e  w hether u n d e r  s p e c ia l  
c o n d i t io n s  th e  d e le t e r io u s  e f f e c t  o f  a d d i t io n  o f  c e l l u l o s e  
o r  g lu c o s e  to  s o i l  on th e  grow th  o f  p in e  s e e d l in g s  can be  
a d i r e c t  e f f e c t  o f  th e s e  s u b s tan ces  on th e  p in e s  in s t e a d  o f  
-  as i t  u s u a l l y  i s  -  an i n d i r e c t  e f f e c t  th rough  changes  
b ro u g h t  on th e  m y c o r r h iz a l  equipm ent o f  th e  p l a n t s ,  t h e  
f o l l o w i n g  e x p e r im e n ts  were d e v is e d :  Scots  p in e  s e e d l in g s
were grown in  O x s h o tt  s o i l  steamed t h r i c e  f o r  20 m in u te s  
( t h e  s o i l  was le a c h e d  a f t e r  each s tea m in g ) and m ixed w i th
A
e i t h e r  1% o r  5% c e l l u l o s e  ( s t e r i l i z e d  f i l t e r p a p e r ) .  A 
d u p l ic a t e  s e r ie s  o f  e x p e r im e n ts  was s e t  up, u s in g  in  one  
case u n t r e a t e d  c o t t o n - c e l l u l o s e ,  i n  th e  o t h e r  case a c e t y l a t e d  
c o t t o n - c e l l u l o s e .  Thus 5 d i f f e r e n t  t re a tm e n ts  were a p p l ie d :
1 .  O x s h o tt  s o i l  ’p a r t i a l l y  s t e r i l i z e d ’ ( c o n t r o l )
2 .  ^ M + 1 % c o t t o n - c e l l u l o  se
^  •  f t  99 99 M  99 99
4 . + 1 % a c e ty l  a te d  c o t t o n -
c e l l u l o s e
^ •  99 99 ^  M  99 99 99
I d e n t i c a l  t r e a tm e n ts  were g iv e n  to  c u l t u r e s  in  u n s t e r i l i z e d  
s o i l , Each s e r ie s  o f  th e  s t e r i l i z e d  s o i l  e x p e r im e n ts ,  
c o m p r is in g  each 6  p o ts ,  was k e p t  in  s t e r i l e  g r a v e l  in  a z in c
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b a th .  The ’ s t e r i l i z e d ’ p o t - c u l t u r e s  were grown in  a
r o o f  s h e l t e r  house which was r e l a t i v e l y  w e ll  p r o t e c t e d  from  
c a s u a l i n f e c t i o n  by my c o r r h i z a l  f u n g i .  Throughout t h e  
e x p e r im e n t,  au to  c l  aved r a in w a t e r  was used f o r  • w a te r in g .
D u r in g  th e  course  o f  two y e a r s ’ g row th , no d i f f e r e n c e  
was o b s e rv e d  in  th e  grow th r e a c t io n s  o f  p la n t s  in  u n s t e r i l i z e d  
s o i l  and in  th o s e  grown in  ’p a r t i a l l y  s t e r i l i z e d *  s o i l .
I n  b o th  s e r i e s ,  th e  c e l lu l o s e  e f f e c t ,  b e n e f i c i a l  in  t h e  
case o f  a d d i t io n  o f  1%, d e l e t e r i o u s  i n  t h a t  o f  5$ , i s  
b ro u g h t  about o n ly  by th e  u n t r e a t e d  c o t t o n - c e l l u l o  se.
The r o o t  system s o f  th e  e x p e r im e n ta l  s e e d l in g s  were  
exam ined r e p e a te d ly :  t h e r e  was no fu n g a l a s s o c ia t io n
o b s e rv e d  in  any o f  th e  r o o ts  from ’p a r t i a l l y  s t e r i l i z e d ’ 
s o i l .
The r e s u l t  o f  th e  above e x p e r im e n ts  le a d s  to  th e  
c o n c lu s io n  t h a t ,  u n d e r  s p e c ia l  c u l t u r a l  c o n d i t io n s ,  t h e  
change b ro u g h t  about by s o i l  t r e a tm e n t  w ith  c e l l u l o s e  can 
i n f l u e n c e  th e  grow th  r e a c t io n  o f  th e  p in e  b u t
as th e s e  ’ s p e c ia l  ’ c o n d i t io n s  do n o t  o c c u r  in  n a t u r e ,  t h i s  
c o n c lu s io n  has no g e n e ra l  v a lu e .
The r a t e  o f  c e l l u l o s e  d eco m p osit ion  in  t h e  ’ p a r t i a l l y  
s t e r i l i z e d ’ s o i l  i s  a p p ro x im a te ly  t h e  same as i n  th e
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u n s t e r i l i z e d  s o i l ;  b u t  th e  two s o i l s  a re  n o t  com parab le  
w ith  r e g a rd  to  m i c r o - f l o r a  and chem ica l c o n s t i t u t io n ,  and 
though th e  c e l l u l o s e  e f f e c t  on p l a n t  growth i s  th e  same 
i n  b o th  s o i l s ,  th e  causes may n o t  be i d e n t i c a l .
Thus, one can assume e i t h e r  t h a t  some form s o f  
c e l l u l o s e - s p l i t t i n g  organ ism s a re  n o t  a f f e c t e d  by s team ing  
and a re  s t i l l  a c t i v e  in  th e  ’p a r t i a l l y  s t e r i l i z e d *  s o i l ,  
o r  t h a t  a i r -b o rn ^  c e l l u l o  s e - s p l i t t i n g  m ic ro -o rg a n is m s  
( b a c t e r i a  o r  fu n g i  o r  b o th )  a re  in v o lv e d  in  th e  d is ­
i n t e g r a t i o n  o f  th e  c e l l u l o  s ic  m a t e r i a l ,  o r  t h a t  b o th  th e s e  
r e a c t io n s  o c c u r .  These organ ism s may be fa v o u re d  i n  
t h e i r  grow th  by sub stances  l i b e r a t e d  by th e  s team ing  o f  
th e  s o i l  and u n d e r  th e s e  c o n d i t io n s  may be as e f f e c t i v e  
w ith  r e g a rd  to  th e  deco m p os it ion  o f  th e  c e l l u l o s e  m a t e r i a l  
as a re  th e  m ic ro -o rg a n is m s  i n  th e  u n s t e r i l i z e d  s o i l  -  t h e  
most e f f e c t i v e  o f  which, u n d e r  t h e  c o n d it io n s  p r o v id e d  
by u n s t e r i l i z e d  s o i l ,  may be th o s e  k i l l e d  by t h e  s t e r i l i z a ­
t i o n  t r e a t m e n t .
The f o l l o w i n g  s e r ie s  were s e t  up as an a t te m p t  to  
a n a ly s e  f u r t h e r  th e  f l o r a  concerned in  th e  c e l l u l o s e  
d e s t r u c t io n  which ta k e s  p la c e  in  th e  s o i l :
1 . Wareham s o i l  u n s t e r i l i z e d  ( c o n t r o l )  + c e l l u l o s e
2 . „ y, steamed once w
3. _ w « t h r i c e  + n99
4 . „ ^ auto c l  aved + ff
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The f o u r  s e ts  were run in  d u p l ic a t e ,  one s e r ie s  b e in g  k e p t  
’ s t e r i l e * ,  th e  o t h e r  exposed to  a i r  i n f e c t i o n .  The c e l l u l o s e  
was added i n  th e  form  o f  f i l t e r p a p e r  a b s o rp tio n  b lo c k s ,  
each o f  which weighs about 1 -1  gm. A f t e r  7 months, no 
c e l l u l o s e  d eco m p osit ion  has o c c u r re d  in  any o f  t h e  
e x p e r im e n ta l  s e r ie s .  F u r t h e r  o b s e rv a t io n s  c o u ld  n o t  b e  made 
as t h e  e x p e r im e n ts  were d e s tro y e d  by enemy a c t io n .
5 . S U m ^ Y
1 .  Growth r e a c t io n s  ind u ced  by a d d i t io n  o f  raw c e l l u l o s e  
have been t e s t e d  in  p o t - c u l t u r e s  o f  Soots p in e .
2. The i n v e s t i g a t i o n s  h e re  d e s c r ib e d  sup po rt th e  h y p o th e s is  
t h a t  changes in  th e  b i o l o g i c a l  a c t i v i t i e s  o f  t h e  s o i l  
b ro u g h t  about by a d d i t io n s  o f  c e r t a i n  o r g a n ic  m a t e r i a l s  
a re  d i r e c t l y  r e s p o n s ib le  f o r  e f f e c t s  on p l a n t  g ro w th .
3 . The e x p e r im e n ts  show t h a t  th e  a d d i t io n  o f  1% c e l l u l o s e  
has a s l i g h t l y  b e n e f i c i a l  e f f e c t  on g row th , w h i ls t  
h ig h e r  p e rc e n ta g e s  a re  d e l e t e r i o u s  when added to  raw  
humus s o i l s .  S m a lle r  q u a n t i t i e s  -  below  1% -  p ro d u c e  
no e f f e c t .
4 . S u p p lie s  o f  n i t r a t e  to  th e  c e l l u l o s e - t r e a t e d  c u l t u r e s  
c o u n te ra c t  th e  i n h i b i t i n g  e f f e c t ,  th u s  s u g g e s t in g  t h a t
7 2
n i t r o g e n  s t a r v a t io n  may be th e  cause o f  grow th d e p re s s io n  
p roduced  by a d d i t io n  o f  h ig h e r  p e rc e n ta g e s  o f  c e l l u l o s e .
5 . G lucose added to  th e  t h r e e  s o i l s  u n d e r  o b s e r v a t io n ,  
in d u c e s  grow th r e a c t io n s  s i m i l a r  to  those  produced  i n  
th e  c u l t u r e s  s u p p l ie d  w ith  l a r g e r  amounts o f  c e l l u l o s e .
6 . E xa m in a tio n  o f  th e  r o o t  systems o f  th e  e x p e r im e n ta l  
s e e d l in g s  shows a d e f i n i t e  r e l a t i o n s h i p  betw een h e a l t h  
and v ig o u r  o f  th e  p la n t s  and t h e i r  m yco rrh i z a l  and p seu do -  
my c o r r h i z a l  equipm ent*
6 . EN D IB
The f a c t  t h a t  th e  r a t e  o f  c e l l u l o s e  d e s t r u c t io n  i n  
steam ed s o i l  i s  .a p p ro x im a te ly  i d e n t i c a l  w ith  t h a t  in  
u n t r e a t e d  s o i l  w i th  i t s  a d d i t i o n a l  f l o r a  o f  s o i l  and r o o t  
fu n g i  makes th e  r o l e  o f  th e  l a t t e r  as o b l i g a t e  c e l l u l o s e  
d e s t r o y e r s  i n  th e  s o i l  r a t h e r  d o u b t fu l .
D u r in g  th e  course  o f  t h i s  i n v e s t i g a t i o n ,  e x p e r im e n ta l  
s e r ie s  were s e t  up to  t e s t  in  p u re  c u l t u r e  work w h e th e r  
th e  m y c o rrh i z a l  and p seudom yeorrh i z a l  m y c e l ia  can u t i l i z e  
c e l l u l o s e .
F i l t e r  p y ra m id s  were p la c e d  in  ( a )  M e l i n ’ s ’ g lu c o s e ’ 
medium (G lu c o s e  20 g . , MgSO^.HgO 0 *1  g . , NH4 CI 0 * 5  g , ,
7 3
KH2 PO4  1 *0  g . ,  Agap 15 g . ,  HgO 1000 c. c . ) ;  (b )  in  th e
same medium w ith o u t  g lu c o s e ; and ( c) i n  the  same medium 
w ith o u t  n i t r o g e n ,  and in o c u la t e d  w ith  th e  f o l lo w in g  r o o t  
f u n g i :  B .b o v in u s ,  M. r a d i c i s  n igrostrlgpsum , M. r .  a t r o v i r e n s ,
and R h iz o c to n ia  s i l v e s t r i s .  The two m y c o r r h iz a - fo rm e rs  
h a r d ly  d e v e lo p ed  any grow th  on th e  medium w ith o u t  g lu c o s e  
and w i th o u t  n i t r o g e n ,  whereas th e  pseudomy c o r r h iz  a - fo rm e rs  
form ed a d e f i n i t e  l a y e r  o f  m ycelium  i n  th e  c u l t u r e s  w i th o u t  
g lu c o s e ;  . in  th e  absence o f  n i t r o g e n ,  t h e i r  grow th  was 
e x tre m e ly  p o o r ,  a e r i a l  grow th b e in g  v e ry  l i m i t e d .
There  was no e f f e c t  on th e  c e l l u l o s e  n o t ic e a b le  i n  
e i t h e r  o f  th e  c u l t u r e s  u n d e r  o b s e r v a t io n .
Comparison w ith  c o n t r o l  m a t e r i a l ,  c e l lu lo s e  k e p t  
u n d e r  th e  same c u l t u r a l  c o n d i t io n s  b u t  not in o c u la t e d  
w i t h  m yce liu m , showed t h a t  th e  e l a s t i c i t y  ( t e n s i l e  s t r e n g t h )  
o f  t h e  c e l l u l o s e  was n o t  a l t e r e d  by th e  fu n g a l  g ro w th .
I n  f u r t h e r  e x p e r im e n ts , c u l t u r e  m edia as a p p l ie d  f o r  
c e l l u l o s e - d e s t r o y i n g  organ ism s  and v a r io u s  form s o f  
c e l l u l o s e ,  i . e .  hydro c e l l u l o  se and ’ Xyllnum  ’ c e l l u l o s e  
were used . The l a t t e r  i s  a c e l l u l o s e  medium produced  
by A c e to b a c te r  x y lin u m  ( 1 ) ,  and o t h e r  members o f  th e  
Xy^ü i^num group o f  th e  a c e t ic  a c id  b a c t e r i a  and which p e r m i t s
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r a p id  i d e n t i f i c a t i o n  o f  c e l lu lo s e - d e s t r o y in g  organ ism s  
which l i q u e f y  th e  medium as soon as 48 hours a f t e r  
i n o c u l a t i o n .
The two my c o r r h iz  a - fo rm e rs  r e f e r r e d  to ,  B .b o v in u s  
and Me r .n ig r o s t r is o s u m  p_roved to  be u n a b le  to  a t ta c k  
c e l l u l o s e  in  e i t h e r  o f  th e  form s and c o n d it io n s  in  which  
i t  was o f f e r e d .
The pseudomy c o r r h iz  a - fo rm e rs  behaved s i m i l a r l y  in  a l l  
cases b u t  one where ’ X y l in u m ’ c e l l u l o s e  was t r e a t e d  w i th  
s m all amounts o f  a u s u a l c u l t u r e  medium (b e e r -w o r t  o r  m a l t ) *  
I n  t h i s  case , th e  X y ^ ^ e  was rea d i l y  a t ta c k e d  by 
M. r .  a t r o V i r e n s  and R h iz o c to n ia  sp. which grew r a p i d l y  
l i q u e f y i n g  th e  ’ X y l in u m ’ l a y e r s  rem a rk a b ly  q u ic k ly .
From th e  r e s u l t s  o f  th e  above ex p e r im e n ts  i t  seems 
e v id e n t  t h a t  th e  two my c o r r h i z  a - fo rm e rs  under c o n s id e r a t io n  
a re  n o t  c a p a b le  o f  s p l i t t i n g  c e l l u l o s e  whereas t h e  two 
p s e u d o m y c o rrh iz a - fo rm e rs  r e f e r r e d  to  a re  a b le  to  u t i l i z e  
c e r t a i n  c e l l u l o s i c  m a t e r i a l .
* The c u l t u r e s  were p re p a re d  as f o l lo w s :  L a y e rs  o f  ’ X y l in u m ’ 
c e l l u l o s e ,  a p p ro x im a te ly  5 mm. t h i c k ,  were th o ro u g h ly  
washed i n  d i s t i l l e d  w a te r ,  p la c e d  i n  sm all p e t r i - d i s h e s ,  
m o is te n e d  w ith  v e ry  d i l u t e d  b e e r -w o r t  o r  m a l t  e x t r a c t  
and s t e r i l i z e d .
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